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ABSTRACT

Thi s handbook provi des design gui dance for use by qualified
engi neers in designing water supply systens. The handbook
includes criteria for determning quantity and quality

requi rements; selecting source of supply, punps, and treatnent
processes and facilities; and for designing distribution and
transm ssion systens, storage facilities, and buil dings.
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FOREWORD

Thi s handbook has been devel oped from an eval uati on of
facilities in the shore establishnent, fromsurveys of the
availability of new materials and construction nethods, and from
sel ection of the best design practices of the Mlitary, other
Gover nnment agencies, and the private sector. This handbook was
prepared using, to the maxi mum extent feasible, national

pr of essi onal society, association, and institute standards.
Deviations fromthis criteria, in the planning, engineering,
desi gn, and construction of Mlitary facilities, cannot be nade
wi t hout prior approval of NAVFACENGCOVHQ Criteria O fice Codelb,
or HQ AF/ILEV, whichever is appropriate.

Design cannot remain static any nore than can the functions it
serves or the technol ogies it uses. Accordingly,
recommendati ons for inprovenent are encouraged and shoul d be
furni shed to Conmander, Naval Facilities Engi neering Comand,
Criteria Ofice. 150 Glbert Street, Norfolk, Virginia, 23511-
2699.

TH' S HANDBOCOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR
PROCUREMENT OF FACI LI TIES CONSTRUCTION. I T IS TO BE USED I N THE
PURCHASE COF FACI LI TI ES ENG NEERI NG STUDI ES AND DESI GN ( FI NAL
PLANS, SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT REFERENCE | T
IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.
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Cl VIL ENG NEERI NG CRI TERI A MANUALS

Criteria
Manual / Handbook Title PA
DM 5. 4 C vil Engineering Pavenents PACDI V
M L- HDBK- 1005/ 6 Trackage NORTHDI V
M L- HDBK- 1005/ 7A Wat er Supply Systens NAVFAC
Criteria
Ofice
M L- HDBK- 1005/ 9A I ndustrial and G|y Wast ewat er NAVFAC
Cont r ol Criteria
Ofice
DM 5. 10 Solid Waste Disposal PACDI V
M L- HDBK- 1005/ 13 Hazar dous WAste Storage NAVFAC
Criteria
Ofice
M L- HDBK- 1005/ 16 Wast ewat er Treat nent System NAVFAC
Desi gn Augnenti ng Handbook Criteria
Ofice
NOTE: Design nanual s, when revised, will be converted to

mlitary handbooks.

| nactive criteria have not been |i sted.
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Section 1: | NTRODUCTI ON

1.1 Scope. This manual presents requirenments for the
desi gn of water supply systens for Mlitary activities.

1.2 Cancel l ation. This handbook, M L-HDBK-1005/7A, Water
Supply Systens, cancels and supersedes M L- HDBK- 1005/ 7, Water
Supply Systens, dated 30 Novenber 1988 and AFM 88-10, Water
Supply, Volunes 1-5.

1.3 Source of Supply. The capacity of potable supplies
shoul d be devel oped whenever possible, to obviate any need for a
nonpot abl e supply (except for waterfront facilities, refer to

M L- HDBK- 1025 Series, Piers and Dockside Facilities, and M L-
HDBK- 1029 Series, Drydocks and Marine Railways).

1.3.1 Pot abl e Water Sources. The potable water supply
shoul d be obtained froma nearby public system If this is not
f easi bl e, sources shoul d be devel oped especially for the
Mlitary activity. Brackish or salt water should be used only
when ot her sources are unavail abl e, and should be converted to
fresh water by a suitable process.

1.3.2 Nonpot abl e WAt er Sources. Separate nonpot abl e water
suppl i es shoul d be considered for active waterfront facilities.
At active and repair berths and drydocks, cooling, flushing and
fire protection requirenents may be net using nonpotable fresh
or salt water supplies. Only one nonpotable system shoul d be
provi ded, and it should neet the requirenents of M L-HDBK-1025
Series. At inactive berths, salt or nonpotable water should be
used, when available, for fire protection; if not avail abl e,

pot abl e water nay be used. Nonpotable water supplies should be
designed to preclude any possi bl e contam nation of potable water
supply sources or systens.

1.4 Quantity Required. Water supply plans shoul d provide
for quantities sufficient to fulfill the Mlitary activity's
current demands, and all reasonable future or prospective
demands.

1.5 Quality. The following criteria apply for the quality
of water.
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1.5.1 Pot abl e WAter Quality. Except when otherw se
permtted by the Bureau of Medicine and Surgery (BUVED), the
U.S. Environnmental Protection Agency (EPA) Safe Drinking Water
Act primary and secondary drinking water regul ations, as
published in the 40 Code of Federal Regulations (CFR), Part 141
t hrough 143 and all State and | ocal water quality standards nust
be net in full by providing necessary treatnment. Any additional
specific standard set by BUMED nust be observed where
applicable. Refer to NAVMED P-5010-6, Manual of Nava
Preventive Medicine, Chapter 6, “Water Supply Afloat,” for shore
side potable water requirenents for ships. Overseas |ocations
may be affected by Final Governing Standards (FGS) and Overseas
Envi ronnment al Basel i ne Gui dance Docunents (OCEBQD).

1.5.2 Nonpot abl e Water. Segregate potable and nonpot abl e
systens so that nonpotable water cannot be injurious to health
or cause other hazards.

1.6 Cost Policy. Designs should be the nost econom cal

obt ai nabl e, consistent with the Mlitary activity's

requi rements. For cost anal ysis, balance the annual operating
cost agai nst annual fixed charges for different sources of
supply and different designs. The life of the system should
cover the expected need for the Mlitary activity. Fixed annual
charges include insurance and either interest and depreciation
or anortization. Annual operating cost include treatnment

chem cal s, energy consunption, operating |abor, naintenance, and
repl acenents, where appropriate.

1.7 Design Policy. To give absolute assurance of a
continuously safe water supply, design the systemin accordance
wi th approved engi neering practice.

1.8 Hazard of War Danage. (bserve all necessary
precautions agai nst sabotage and interruptions as a result of
war danmage. Refer to OPNAVI NST 5510.45, U.S. Navy Physica
Security Manual. For Air Force projects refer to AFMAN 32-1071
Security Engi neering Manual .

1.8.1 Pl anni ng for Non-war Energencies. Refer to AWM ML9,
Emergency Planning for Water UWility Managenent, for non-war
ener genci es such as earthquakes, hurricanes, tornadoes, floods,
and vandal i sm
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1.9 Initial Design Investigation. Develop quantity and
quality requirenents as the first step in design. Surveys by a
conpet ent agency are required to obtain the followi ng data on
suppl y source:

a) Hydr ol ogi cal data

b) Ceol ogi cal data

c) Quality of raw water
d) Sour ces of pollution
e) Conflicting uses

f) Water rights

g) Land ownership and rights-of-way, for offsite
sources. For additional required design data, see Table 1
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Table 1

Informati on Required for Design of Water Supply System

| TEM

REQUI REVENTS

Topogr aphi ¢ nmap

For | ayout of system use USGS maps for
prelimnary investigations. For final
desi gn, use specially prepared naps.
Soil maps and subsurface data prepared
from boring | ogs made by a conpetent
agency, for structural design.

Soil conditions

Soil maps and subsurface data prepared
from boring | ogs made by a conpet ent
agency, for structural design.

Transportation

Facilities available for system
construction and operati on.

Power supply

Avai | abl e normal and energency power
fromlocal utility or Mlitary’'s own
power pl ant.

Local utility maps

Maps of water, sewer, drain, gas,

el ectrical lines, etc., for designing
the transm ssion and distribution
systens. (btain detailed information
fromlocal utility conpanies and
surveys.

Suitability and
avail ability of
| ocal materi al

For construction, operation, and
mai nt enance. | nportant when the site is
renote or inaccessible.

Climte Conditions

Al l ow for the design & operational
i mpact in very cold or hot clinmates.

Envi r onnent al
Studi es & Reports

For establishing site contam nation and
ot her potential environnmental problens.
Establi sh need for formal Environnental
| mpact submi ssi ons.

Local code and trade

uni on rul es

Affects design and construction.
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Section 2: QUANTI TY REQUI REMENTS

2. 1. Factors Affecting Use. Consider the follow ng factors

af fecting use ashore:

a) Water uses (donestic, industrial, fire protection)

b) Peak demands (all uses)
c) Oher essential demands
d) Mssions of the activity
e) Cimtic effects

f) Permanency of installation (pernmanent and
tenporary field bases).

g) Overseas Final Governing Standards (FGS)

2.2 Specific Requirenents. Total requirenments are rel ated

to donmestic, industrial, and fire protection requirenents.
Specific requirenments for use ashore are di scussed bel ow.

2.2.1 Donestic Uses. Donestic uses include drinking water,

househol d uses, and household lawn irrigation.

2.2.1.1 Per Capita Requirenents. Use data in Table 2 for
per manent and tenporary installation.

Tabl e 2
Aver age Pot abl e Donestic Water Requirenents
Gal | ons Per Capita Per Day (gpcd)

USE CATEGORY TROPI C TEMPERATE
Unacconpani ed Personnel Housi ng 155 135
Fam |y Housi ng 180 135
Workers (per shift) 45 45
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2.2.1.2 Controlling Demands. All demands will be nmultiples of
t he average demand, expressed as gallons per mnute (gpm or
gal l ons per day (gpd). The average demand, in gpd, should be
cal cul ated by Equation (1):

EQUATION (1): Avg demand in gpd = gpcd x design popul ati on X
growt h factor

Use the following growth factors in equation (1):
a) Large systens (5,000 popul ation or greater), 1.25.
b) Small systens (popul ations |Iess than 5,000), 1.50.

Thi s equation nust be performed for each use category shown in
Table 2, and the results must then be added together to
determ ne total average demand.

O her controlling demands shoul d be eval uated by
Equation (2): Demand = avg demand in gpd x K

using the followi ng data for the coefficient, K

CCEFFI Cl ENT K
UNI TS OF
DEMAND DEMAND POPULATI ON | POPULATI ON
<5000 >5000
Maxi mum Day Fl ow Gpd 2.25 2
Maxi mum Hour Fl ow Gph 4.0/ 1,440 | 3.5/1,440
| nst ant aneous Peak Fl ow | Gom 5.0/1,440 | 4.5/1, 440

The desi gner may nake al | owances, as deened necessary,
for small activities where all or nearly all demand occurs
during working hours.

I f a planned buil dup or popul ati on decrease can be
foreseen, this change should be taken into account.
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2.2.2 | ndustrial Uses. These uses include cooling, issues
to ships, irrigation, swinmmng pools, shops, |aundries, dining,
processing, flushing, air conditioning, and boiler makeup. As a
guide to planning, refer to water demand data at other
activities having uses simlar to those anticipated. For
specific requirenents, refer to Table 3.

2.2.3 Fire Protection Denands. Refer to M L-HDBK-1008C
Fire Protection for Facilities Engineering, Design, and
Construction, for criteria.

2.3 Desi gn Capacity of System Conponents. In planning,
each system shoul d be anal yzed to determ ne the governi ng water
use. The coincident denand of various uses will determ ne the

desi gn capacities of conponents of the system

2.3.1 Source of Supply. The source should neet the Mlitary
activity's quantity demands. Were there is inadequate storage
bet ween the source and the treatnent plant or distribution
system the supply should provide maxi mum day donestic demand
expressed by Equation (2), plus industrial use demand. |If wells
are the source of supply, sufficient capacity should be

avail able to satisfy the maxi num day donesti c demand pl us

i ndustrial use demand, with the |argest well (or nechanica
system out of service.
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Tabl e 3
I ndustrial Water Requirenents
Pot abl e Water - Pernmanent |nstall ations

REQUI REMENTS
USE UNI T
M N AVG MAX
Ai r condi tioning: gpnmton | - 0. 05 0.10
Cool i ng - diesel engines: gpm bhp | - 0.01 0. 02
Cool ing - steam power gal / kwh | 0. 80 1.30 1.70
| ssue to ships - (donestic
uses): gpm 1, 000 -
single berth gpm [ 2] 2,000
nore than single berth 1, 000 [ 3]
[ 2]
Laundri es gal/1b 3 - 6
Irrigation
small lots gpd/ 100 | 16 - 32
ft A2U
| ar ge areas gpad 7,000 | - 14, 000
Mot or vehi cl es God/ car | 30 - 50
Rest aur ant s Gal / 0.5 - 4.0
Meal

[1] Use as a guide only.

[2] Up to 2,000 linear ft of berthing | ength.

[3] 500 gpm for each additional 2,000 linear ft of berthing
| ength, but not exceeding 2,000 gpm

2.3.2 Treatnment Plant. The design capacity of treatnent

pl ants should be able to neet maxi mum day donestic demand
expressed by Equation (2), plus industrial use demand, assum ng
adequate equalizing storage following treatnent. W thout
equal i zi ng storage, the plant nust be able to neet maxi mum hour
(h) flow expressed by Equation (2), plus industrial use demand.
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2.3.3 Transm ssion Mains. Wiere the distribution is punped
from storage, transm ssion mains should have capacities equal to
t he maxi mum day demand as expressed by Equation (2), plus

i ndustrial use demand. Wthout such storage, they should neet
maxi mum hour demands.

2.3. 4 Distribution System The mninmum capacity of a
di stribution systemshould be sufficient to neet these
condi ti ons:

a) | nst ant aneous peak donestic and industrial flows
combi ned

b) Maxi mum fire demands, plus 50 percent of average
donesti c demands, plus industrial demands whi ch cannot be
restricted during the fire

c) Repl eni shnent of normal storage volume within 24
hours of average demand after a fire.

2.3.5 Reservoirs. Reservoir capacity should be adequate to
satisfy the total of the follow ng requirenents:

a) Peak fire flow demand as given in M L-HDBK-1008C

b) 50 percent of average daily consunption (donestic
and industrial).

c) M ni mrum wor ki ng vol une of one hour at average
demand (donestic and industrial) for scheduling of treatnent
pl ant equi pnment and service punps nai ntenance.

2.4 Specific Requirenents for Waterfronts and Drydocks.
For waterfront requirenents, refer to M L-HDBK-1025 Series. For
drydock requirenments, refer to M L-HDBK-1029 Series, Drydocks
and Marine Rail ways.
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Section 3: QUALI TY REQUI REMENTS

3.1 Wat er Exami nation

3.1.1 Qualities To Be Exam ned. Water for Mlitary
activities should be exam ned for the followi ng characteristics
(as appropriate):

a) Bacteriological quality

b) Physi cal characteristics

c) Chem cal characteristics

d) Bi ol ogi cal quality

e) Radi ol ogi cal quality.
3.1.2 Sanpling Points. For the |ocations of water sanpling
points and the reasons for sanpling at each point, refer to

Table 4. Facilities should be included for sanpling at each
| ocati on.

10
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Table 4
Wat er Sanpling Points

LOCATI ONS REASONS FOR SAMPLI NG
Source of supply To eval uate and classify raw water
qual ity
To detect and assess the degree of
pol [ ution

To assess the treatnent required for
beneficial uses

Treat ment pl ant To ascertain the efficiency of the
treat nent processes
To control quality as delivered to the
di stribution system

Transm ssi on and To | ocate the cause of any sudden
di stribution systens deterioration in
quality within the system
To control scale and corrosion or sline
in the systens

Poi nt of use To ascertain the quality for
potability, palatability, and other
beneficial uses

3.1.3 Met hods. Met hods published in Anerican Public Health
Associ ation (APHA), Standard Methods for Exam nation of Water
and WAstewater, or as specified by EPA or the State, should be
used in the exam nation of water.

3.1. 4 Frequency of Examination. An initial investigation of
a new source of supply is required. At |east one conplete
bacteri ol ogi cal, physical, and chem cal exam nation of raw water
is required. Wen there are sufficient data from existing
records, or from hydrol ogical, geological, and sanitary surveys,
to establish that the sanple is representative, no additional
tests are necessary.

11
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3.1.4.1 Suppl enentary I nvestigations. Requirenents for the
frequency of sanpling are contained in the 40 Code of Federal
Regul ation (CFR) Part 141, U.S. EPA National Prinmary Drinking
Wat er Regul ations. Designs should include permnent sanpling
points if subsequent sanpling is required.

3.2 Quality Criteria. Water for donestic uses shoul d neet
the requirenents of the 40 Code of Federal Regulation (CFR) Part
141, U.S. EPA National Primary Drinking Water Regul ati ons and
Part 143, National Secondary Drinking Water Reqgul ations, as nay
be nodified by BUVED (refer to par. 1.5.1), or by State
standards. Individual State standards may be nore stringent
than national requirenents. The facility may be required to
neet requirenents of that individual state as well as the

nati onal requirenents and the BUMED

3.2.1 Specific Criteria. The criteria for uses and
protection are as foll ows:

3.2.1.1 Donestic Uses. Odinary requirenents are stated in 40
Code of Federal Regulation (CFR) Part 141.

3.2.1.2 | ndustrial Uses. Requirenents for boiler feed water
are listed in ML-HDBK-1003 Series, Mechanical Engineering.

O her industrial requirenents are outlined in Anerican Water
Works Associ ation (AWM), Water Quality and Treatnent, a
Handbook of Public Water Suppli es.

3.2.1.3 Fire Protection and Flushing Uses. In nonpotable
wat er, the follow ng substances should generally be renoved or
reduced to harnl ess concentrations:

a) O or grease, because of fire hazard

b) Substances which accel erate corrosion and
t ubercul ati on

C) Debris, silts, and ot her suspended solids

d) Organic matters which generate odors and
corrosive hydrogen sulfide gas in storage reservoirs

e) Al gae, fungi, worns, barnacles, and ot her
slime-form ng pol lutants which can cl og pi pes or nozzl es.

12



M L- HDBK- 1005/ 7A

An econom ¢ study may be necessary relative to b) and
d) above to determine if it is |less expensive to renove these
constituents or to make the system corrosion resistant.

3.2.1. 4 Sanitary Protection. Avoid all connections to non-
pot abl e systens where possible. Refer to AWM Manual M4,
Reconmended Practice for Backfl ow Prevention and Cross-
connection Control for recomended practices and the Uniform

Pl unmbi ng Code. Supplenmental information is provided by AF 132-
1066, Pl unbi ng Systens.

13
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Section 4: SOURCE OF SUPPLY

4.1 Sel ecti on of Water Source

4.1.1 | nvesti gations. For permanent and tenporary
installations, investigate all reasonably prom sing sources.
For field bases, carry out reconnai ssance studies to |ocate
sources with adequate supply and quality.

4.1.2 Types of Sources. Select supplies fromthe foll ow ng
sources which may neet requirenents, in the order of preference
listed:

a) Minicipal supplies

b) Goundwater (wells, infiltration galleries, and
springs)

c) Surface water (natural flows, natural storage,
i npounded storage, and rai nwater catchnents)

d) Nonpotabl e sources (groundwater w th high
salinity, surface water with high salinity, and sea water)

e) Haul ed suppli es.
4.1.3 Factors Affecting Selection. Determne availability

of supply by whet her sources exist and are not already fully
used.

4.1.3.1 Adequacy of Yield. Conpare the yield with the needs
of the activity.

4.1.3.2 Suitability for Use. Water should be of a quality
that does not require excessive and costly treatnents to render
it usable. Use Table 5 as a guide to classify raw water sources
for donestic use.

4.1.3.3 Conflicting Uses. Interference with other uses of the
sanme source of supply should be investigated and avoi ded.
Possi bl e conflicting uses include:

a) Conservation requirenents
b) Pollution control requirenents

14
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c) Prior water rights.

4.1.3.4 Water Rights. Legal advice should be obtained
concerning the title of the water at the source of supply.
Refer to Water Rights in the Fifty States and Territories by
Kenneth Wight, |atest edition.

4.1.3.5 Econom cs of Water Devel opnent. Anal ysis of
devel opnment economi cs should follow Mlitary policy.

4.2 Muni ci pal Supplies

4.2.1 Quality Exam nation. Exam nation of the water is not
required if it is reported to be satisfactory by a conpetent
agency. Unless reported as satisfactory by a conpetent U S.
agency, all foreign public water should be considered as of
doubtful quality. Exam nations are mandatory. Treatnment is
requi red unl ess consistent high quality is absolutely certain.
Check OCEBGD and appropriate FGS.

4.2.2 Ri ghts and Responsibilities. Liaison with rnunicipa
wat erwor ks officials should be established by the mlitary, and
a determ nati on nade of the adequacy of the nunicipal source to
nmeet the quantity, quality, and pressure of water required by
the mlitary. The |location and nethod of connection to the
muni ci pal source nust be acceptable to the supplier. \Were the
quality of the nunicipal water supply does not neet the
standards of 40 Code of Federal Regul ation (CFR) Part 141,
treatnment by the mlitary nmust be provided.

4.2.3 Informati on Required. Information on the nunicipa
systemw || be obtained fromthe public water supply agency.
Where no reliable records are avail abl e, conduct special surveys
to obtain the information and data listed in Table 6.

15
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Table 5

Sour ces for

Donesti c Uses

Quality Criteria

Suitability as Source of Supply

Good Fair Poor
Physi cal
Col or (Units) 0-15 15-50 Over 50
Qdor (Threshold Gdor Number) 0-3 3-10 Cver 10
Tenper at ure (Degrees 35-50 50- 80 Over 80
Fahr enhei t)
Turbidity (Units) 0- 25 25- 250 Over 250
Chemi cal (1)
Alkalinity (CaC) 25- 150 150- 400 Over 400
Al kyl Benzene Sul fonate 0 0-0.5 Over 0.5
( ABS)
Anmoni a ((NH) 0-0.1 0.1-1.0 Over 1.0
Arsenic (As) 0 0-0.01 Over 0.01
Bari um ( Ba) 0 0-0.1 Over 0.1
BOD 0-1.5 1.5-4.0 Qver 4.0
Cadmi um ( Cd) 0 0-0.01 Over 0.01
Car bon Chl or of or m Ext r act 0-0.1 0.1-0.2 Over 0.2
( CCE)
Car bon Di oxi de (CQO) 0-10 10-50 Over 50
Chloride (Qd) 0-50 50- 250 Over 250
Chromum (Cr) - Hexaval ent 0 0-0.01 Over 0.01
Copper (Cu) 0-0.5 0.5-1.0 Over 1.0
Cyani de (CN) 0 0-0.1 Over 0.1
Fl uoride (F) 0.8-1.3 1.3-2.0 Over 2.0

16
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Sour ces for

Tabl e 5 (Conti nued)
Cl assification of Raw Water

Donesti c Uses

Hydr ogen lon (pH) 6.5-8.5 6.0-9.0 <6.0
>9.0
Iron (Fe) 0-0.3 0.3-1.0 Over 1.0
Lead (Pb) 0 0-0.01 Over 0.01
Manganese (Mh) 0-0. 05 0.05-0.5 Over 0.5
Nitrates (NG 0-10 10- 25 Over 25
Nitrites (NO) 0-1.0 1.0-5.0 Over 5.0
Phenol s 0 0- 0. 0001 Over
0. 0001
Phosphat es ( POy) 0- 10 10-50 Over 50
Sel eni um ( Se) 0 0-0.01 Over 0.01
Silver (Ag) 0 0-0.02 Over 0.02
Sul fate (SQ) 0- 125 125- 250 Over 250
Total Dissol ved Solids 100- 300 300- 600 Over 600
(TDS)
Total Hardness (CaCOg 50- 150 150- 500 Over 500
Zinc (Zn) 0-1.0 1.0-5.0 Over 5.0
Hydrogen Sul fide (HS) 0-0.2 0.2-5.0 Over 5.0
Bi ol ogi cal
Coliforms, MPN per 100 m 0-100 100- 5, 000 Over 5,000
(Mont hly Aver age) Less than Less than
5 percent 20 percent
of sanples | of sanples
over 100 over 5,000

(1) Wth the exception of pH, all

val ues

17
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Table 6
I nf ormati on Required on Muini ci pal

Wat er Supplies

| TEM

DETAI LED DATA REQUI RED

Quantity of supply

Quality of supply

Transm ssion |i nes
and distribution system

Local codes and regul ations

Type of water source(s).
Safe yield (ngd).

Popul ati on (present and
proj ected future).

Per capita consunption

(gpcd) .
Fi re demands.
| ndustri al uses and denmands.

O her commtnents and prior
wat er rights.

Type and
capacity of nunici pal
treatnment plant(s).

Sunmmari zed operating records
of treatnent plants(s).
Wat er quality anal ysis.
System | ayout.

Si zes and
condi tions of pipe |lines.
Pressures available in the

system
System st orage, size and
| ocati on.
Speci al regul ati ons of

| ocal regul atory agenci es.

18
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4.2. 4 Connecting Structures. Types and construction of
connecting structures should be selected to neet | ocal
requi renents insofar as they do not conflict with Mlitary
criteria.

4.2.4.1 | nt er connecti ons

a) Direct Connection to Pipeline. Use tapping sleeve
val ves when the flow cannot be interrupted during construction.
O herwise, cut in a tee. |Include a valve and, where required, a
reduced pressure backfl ow preventer between the nunicipal system
and the Mlitary system

b) Intake from Reservoir. Use existing intakes where
f easi bl e.

4.2.4.2  Appurtenances

a) Meters. Locate neters away fromnornmal traffic
but accessible, and protect them agai nst unauthorized intrusion.
Meter types are as follows:

(1) propeller type
(2) Venturi tube

(3) wultrasonic flowneter
(4) Dall neter.

b) Backflow Preventers. Provide these safeguards at
all points where a nonpotable water system nust be connected to
a potable system Refer to AWM ML4, Reconmended Practice for
Backfl ow Preventi on and Cross- Connection Control, |ocal plunbing
code, and AF 132-1066 for Air Force projects.

c) Review manufacturer's literature to insure proper
installation conditions.

4.3 G oundwater. Refer to AWM Manual M1, G oundwater
and G oundwater and Wlls by Fletcher G Driscoll, Johnson
Division, St. Paul Mnnesota for detailed information relating
to types of groundwater wells, quantitative eval uation of
groundwat er wells, groundwater quality and contam nation.

19
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4.4 G oundwat er Col | ecti on Wr ks

4.4.1 Wlls. Selection of the type of well is to be guided
by AWM Manual M21 and AWM St andard A100, Water Wells, or FGS

4.4.1.1 Test Well Punping. After investigation has indicated
t he best l|ocation for groundwater devel opnent, a test well is
generally used to determ ne well capacity and appropriate well
spacing. A test well may be a small dianmeter tenporary
installation in a test hole or, if prelimnary data is very
prom sing, it may be a permanent installation. Punping tests
requi re one punped well and one or nore observation wells. For
a permanent installation, at |east one observation well should
be 10 to 15 ft fromthe punped well, with others 50 ft or nore
away. The punped well should be either in the best test hole or
not nore than 10 ft fromit.

a) Duration of Test. The test should run a m ni num
of 24 hours after devel opnent of well, or as long as required by
any applicable regul ations. Longer tests, up to several weeks
duration, nmay be desirable to verify adequacy of the
i nformati on.

b) Records Required. Secure the follow ng data:
(1) Initial static water level in each well

(2) Punping rates; at |east every hour. Punping
shoul d be mai ntai ned at a constant rate.

(3) Drawdown data. Measure water levels in
punpi ng well and also in all observation wells.

(4) Rate of recovery

(5) Were the formation's capability is
doubtful, register water |levels at each observation well with an
automatic recorder accurate to 0.02 feet.

(6) Water sanples and anal yses. For a nmjor new
devel opnent, or one of uncertain mneral quality, at |east five
sanpl es shoul d be taken at periods approxi mati ng 0.01, 0.O05,
0.10, 0.5 tinmes the test duration, and at the end of the test.

c) Analysis of Tests. Were the formation capacity
is in question, use Theis’ non-equilibriumformula. Refer to
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G oundwat er and Wells, by Driscoll, and AWM Manual M1 for a
description of the fornula.

4.4.1.2 Characteristics

a) Nunber. Provide at least two wells, if possible.

b) Yield. After making all owance for standby wells
and reserve for future needs, the total yield should be no |ess
than the maxi num daily consunption at the Mlitary activity.

c) D oaneter. Determne the size of each well using
the total yield required, the nunber of wells to be constructed,
and the capacity of wells at different dianeters. The
di nmensi ons nay be governed by the construction facilities
avai l able. Use the followng as a prelimnary guide for sizing
the diameter of deep-drilled wells according to the antici pated
yi el d.

ANTI Cl PATED CAPACI TY (gpm CASI NG DI AVETER (i n.)

50 6

50- 300 8

300- 500 10
500- 750 12
750-1, 000 16
1, 000- 2, 000 20
2, 000- 3, 000 24
Over 3,000 30

d) Depth. Drill wells deep enough to:

(1) Penetrate an adequate depth into the
wat er - bearing aquifer.

(2) Allowfor installation of an adequate |ength
of screen (refer to requirenents in par. 4.4.1.3, Well
Construction).

(3) Allowfor installation of punping equi pnent
bel ow dept h of maxi num dr awdown.

e) Specific Capacity. This factor equals the yield
di vided by the drawdown, as determ ned by the punping test. It
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is to be used as a neasure of well capability for determ ning
the punping lifts required at different punping rates (expressed
as gallons per mnute per foot (gpnift) of drawdown).

f) Spacing of Wells in the Field. Use test punping
data to determne mninmumwell spacing. Use the data collected
fromthe punping test to evaluate the effects of interference
between wells. The drawdown at any point in the area of
i nfluence, caused by the discharge of several wells, equals the
sum of the drawdowns (at that point), caused by the wells
individually (unless the formation has severe limting
boundaries). Determne the final spacing of wells from
i nvestigation of the follow ng factors:

(1) Operation estimated to be successful during
the life of the facility.

(2) Extra punmping life required for closely spaced
wel | s and i ncreased punping costs.

(3) Extra piping and power transm ssion |ines
required for widely spaced wells and resulting costs.

4.4.1.3 Wel | Construction. Refer to Goundwater and Wl ls by
Driscoll for detailed constructi on net hods.

4.4.1.4 Wl Devel opnent. After conpletion, each well should
be devel oped to full capacity. The nost commonly used net hods
are punping and surging; with surging being the preferred nethod
if sand is present or well capacity is |ow.

a) Methods Avail able

(1) Punp Surging. This nethod involves repeated
cyclical punping froma lower to a higher rate, until the
capacity of the well is reached.

(2) Surge Block. In this nethod, surging is
created by the rapid up-and-down notion of a plunger.
Hexanet aphosphat es may be added to the well water to free clays
or other fines. Surging should be continued until all sand and
mud are renoved fromthe well.
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(3) Injection of Conpressed Air. The injection of
conpressed air at 100 to 150 psi is repeated until the sand
accretion beconmes negligi bl e.

(4) Back washing. This nmethod involves filling
the well with water and forcing it out repeatedly by air
pressure until the well is devel oped.

(5) Solid Carbon Dioxide. In this nethod,
i nhi bited hydrochloric acid may be poured into the well first.
Conpressed air is then applied to force the acid into
clay-clogged strata. Finally, solid carbon dioxide (dry ice)
bl ocks are dropped into the well. The surge produced by the gas
effects the release of the clays in the strata.

b) Results Required. At the conclusion of the
devel opnent, suspended matter should not exceed 2 ppmin water
delivered, as determ ned by various sanples. The point of
collection is inportant as the sanples nust be representative.

4.4.1.5 Sanitary Protection. Protect all wells against
surface and subsurface contam nation in accordance with

EPA- 570/ 9-75- 001, WManual of |ndividual Water Supply Systens. In
particul ar, extend the well casing a mninmumof 12 in. above
grade and seal the well top against surface contani nation

a) Disinfection of Wll. Follow standards for AWM,
A-100.

b) Sealing Abandoned Wells. Follow standards for
AWM, A-100.

4.4.1.6 Saltwater Intrusion Protection. In a coastal aquifer,
avoi d over punping which induces salt water into a fresh
groundwat er basin. In certain situations, seawater intrusion

barriers may be necessary.

a) Control Methods. Control of saltwater intrusion
may be acconplished by:

(1) Modification of punping
(2) Artificial recharge
(3) Punping troughs
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(4) Pressure ridges
(5) Subsurface barriers
b) Applications and Limtations of Control Methods.

(1) Modification of Punping. Seek to reduce the
punpi ng draft or to rearrange the punping pattern by noving the
wells inland toward the inflow portion of the groundwater basin.
This is usually the nost econom cal nethod, although it does not
fully utilize the groundwater storage capacity.

(2) Artificial Recharge. An intruded aquifer may
be artificially recharged from spreadi ng areas or recharge wells
with inported high quality supplenmental water, with trapped
surface runoff, or with treated wastewater

(3) Punping Trough. This nethod consists of
formng a trough bel ow t he groundwater |evel, by punping a
m xture of fresh and salt water to waste froma |line of wells
adj acent to and paralleling the source of salt water. It
reduces the usabl e storage capacity of the basin, wastes fresh
water, and is costly to install and operate; but it is sonetines
used as an expedient until other nethods can be installed, or in
conjunction with a pressure ridge.

(4) Pressure Ridge. Control is obtained by
form ng and maintaining a fresh water pressure ridge adjacent to
and paralleling the coast. Although it does not reduce the
usabl e groundwat er storage capacity, it requires suppl enental
water of high quality and has high initial and operating costs.

(5) Subsurface Barrier. Such a barrier is
feasi ble when |ocated in a narrow, shallow alluvial canyon
connecting inland to a large aquifer. This nethod nmaintains the
storage capacity of the basin, but has a high initial cost.

4.4.2 Springs. Many springs fluctuate in their yield and
are subject to possible pollution. Frequently, spring water is
of | ess desirable sanitary quality than other underground

sour ces.

4.4.2.1 Types. Springs may be characterized and classified as
thermal ,gravitational, depression, contact, artesian, and
tubular or fracture. Thermal springs are not used since their
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waters are likely to be highly mneralized. Select from other
types with due consideration of yield, quality, and other
factors.

4.4.2.2 Col l ection Wrks. Select suitable types of collection
wor ks as foll ows:

a) Collection chanber, for all gravitational springs
b) Open trenches, for depression and contact springs
c) Buried pipes, for depression and contact springs
d Wells, for artesian springs

4.4.2.3 Sanitary Protection. Provide protection against
pol lution of spring water in accordance with EPA-570/9-75-001.

4.4.3 Infiltration Galleries. For collateral readings,
refer to Infiltration Galleries in Water and Wast ewat er

Engi neering, by Fair, Geyer, and Okun. These collectors,
generally placed horizontally at right angles to the direction
of flow, are served by gravity flow Consider the applications
and limtations of the follow ng types.

4.4.3.1 Open Trench. Do not use open trenches; they are
subj ect to problens of al gae, erosion, clogging by vegetation,
and surface contam nation

4.4.3.2 Buried Pipes. For dianmeters up to 2 ft, perforated
vitrified clay, concrete, cast iron, or tile drains laid with
open joints, may be used. Bury the pipes in a trench and pack
gravel around them Trenches nore than 20 ft deep are usually
uneconom cal

a) For the design of perforations, joint opening, and
gravel packing, use the sane criteria as for wells.

b) The design velocity in collecting pipes should not
exceed 2 fps.

c) Collect the water in a covered sunp and punp it.

d) Provide manhol es spaced at 100 to 300 ft to
facilitate inspection and nai nt enance.
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e) Valves should be placed at the end of the
col l ecting pipes discharging into the sunp, and thus providing a
nmeans for back flushing to inprove the capacity and for
i solation for repairs.

4. 4. 3.3 Tunnel or Gllery. For dianeters from2 to 5 ft, use
concrete or masonry conduits with perforated openi ngs
constructed by open excavation or tunneling. Design strength
requi renents for buried pipes are applicable.

4.4.3. 4 Under ground Dam  Subsurface sheet piling, masonry, or
chemcally solidified barrier dans nmay be used in conjunction
with other collection systens where groundwater is confined in a
narrow valley. Locate the dam downstream fromthe collecting
system It nust reach to an inpervious formation, in order to
seal off the underflow and store it for wthdrawal by the
upstream col | ector system

4.4.3.5 Radi al Type Collector. Buried perforated pipes,
driven radially froma collecting sunp, may be installed near a
pl ace of recharge from surface waters, and occasionally

el sewhere. This type is best adapted to perneabl e alluvial
aquifers. Yields my range from 300 to 14,000 gpm

4.4.4 Skimmng Wells. Horizontal wells, ternmed Maui wells,
are the sane type as the infiltration galleries in horizonta
tunnel s.

4.4. 4.1 Locations. These wells are used when the seawater is
in contact with the fresh groundwater on one or nore sides at
the follow ng | ocations:

a) Islands, atolls, peninsulas, spits, or bars
surrounded by the sea.

b) Artesian aquifers which outcrop under the sea.

4.4. 4.2 Construction. Skimmng wells should, if possible, be
constructed above sea | evel, and near the thickest section of
the fresh water lens so as to utilize the greatest avail able
hydrostatic pressure and storage. |In Pacific atolls,
construction bel ow sea | evel may be perm ssible to all ow

wi t hdrawal at |ow ti de.
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4.4.4.3 Desi gn. Basis of design is as follows:

a) The yield of a particular lens is generally no
hi gher than half of the recharge rate, and can be nuch | ess.

b) The recharge rate nay reach half the annual
rainfall where rainfall exceeds 20 in. in a year, but may be as
| ow as one percent of the rainfall where rains are |l ess than 4
in. per yr. Exact relations will depend on verti cal
perneability, vegetative demands, and rate of rainfall and of
| osses through runoff.

c) Losses occur even without a draft on such | enses,
t hrough di scharge to the sea and vegetative demands.

d) Because of the difference in density between fresh
and seawater, a fresh water lens will extend 40 ft bel ow sea
| evel for each ft it rises above sea | evel

e) The quantity stored at the close of the recharge
season equal s the horizontal area of deposit, tinmes the average
t hi ckness of the fresh water lens, tines the effective porosity
of the aquifer. The effective porosity in these circunstances
may range from 10 percent in | oose sand to 30 percent in coral.
The presence of inperneable |ayers or of |arge open channels
greatly reduces the effective storage. On a |ong-term basis,
not nore than half the quantity stored is recoverabl e between
rechar ge seasons.

4.5, Sur f ace Water

4.5.1 Exi stence. The devel opnent of surface sources depends
on hydrol ogi c conditions and geographic features of the area.
Refer to Water Quality and Treatnent, Chapter 4 - Source Water
Qual ity Managenent, AWM, Fourth Edition; Soil Surveys prepared
by United States Departnent of Agricultural, Soil Conservation
Service; United States Geol ogi cal Services Topographi cal Maps,
stream fl ow data, and rainfall data.

4.5.2 | nformati on Required. Use existing data, as far as
practicable, before collecting field information. For the
detailed data required in evaluating surface supplies, refer to
Table 7.

27



M L- HDBK- 1005/ 7A

Table 7
Informati on Required for Selection of Surface Water Supplies

CATEGORY DETAI LED DATA REQUI RED
Hydrol ogi ¢ data Refer to USGS stream fl ow Data and
Topogr aphi cal Mappi ng.
Ceogr aphi c data Topogr aphi ¢ map of drai nage area.

Cross-section and profiles of streans and
rivers. (Not always required.)
Dept hs, surface areas, storage capacity of
ponds, | akes or reservoir sites.
Ceol ogi ¢ data At damsite.
At intake site.
At reservoir site.
Water quality Chem cal characteristics.
Bact eri ol ogi cal content.
Sour ces of pollution.

In addition to all public sources, consult private
wat er agenci es and avail abl e surveys of other agenci es.

4.5.3 Eval uati on of Supply. Conflicting uses which nodify
the safe yield include:

a) Conservation requirenents, such as flood control,
recreational uses (fishing, boating, bathing, and the like), and
preservation of fish life

b) Pollution control requirenents

c) Navigation requirenments

d) Hydroelectric power requirenents

e) Prior water rights

4.5.3.1 Safe Yield Determ nati on

a) Natural Flow (Streans and Rivers). The nininmm
dry weat her flow nmust equal:
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(1) The peak demand when there is no
di stribution or storage reservoir.

(2) Maxinmum daily demand when there i s adequate
conpensati ng storage.

b) Natural Storage (Lakes and Ponds). The yield from
a natural supply should satisfy the average daily demand. In
determning yield, regulatory restrictions on the decrease in
wat er | evel may have to be consi dered.

c) Inpounded Storage. The yield should satisfy the
antici pated future average daily demand.

d) Rainwater Catchnent. The m ni nrum annual
precipitation, less all |osses, should satisfy the average daily
demand. Adequate storage capacity mnmust be provided.

4.5.3.2 Water Quality. The followng factors are inportant:

a) Water exam nation (chem cal, physical and
bact eri al anal yses)

b) Sources of contam nation:
(1) Donestic wastes
(2) Industrial wastes
(3) Sedinments from soil erosion
(4) Hostile action

4.5.3.3 Limts of Econom c Devel opnent. The follow ng factors
shoul d be studi ed:

a) Cost policy of the Mlitary
b) Anticipated expansion at the Mlitary activity

c) Tinme required for the anticipated future denand to
exceed the safe yield fromsurface sources

d) Design life of the structures, and design
frequency of spillways.
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4.5. 4 Water Rights. Water rights for surface water often
differ fromthose for groundwater. They are generally regul ated
at the state level, except that interstate rights are regul ated
by the Federal Governnment. Secure |egal advice for the
appl i cabl e doctri ne:

a) Riparian,
b) Appropriation, or

c) Allocation.

4.5.5 Wat ershed Protection. Uses and activities in surface
wat er supply wat ersheds may i npact raw water quality and require
hi gher |l evels of treatnment. Recreational activities should only

be al | owed when adequate treatnent is utilized. The protection
of the watershed should be in accordance with all current U. S
EPA regul ati ons regardi ng wat ershed protection.

4.6 Surface Water Coll ecti on Works

4.6.1 | ntakes. Refer to Water Treatnent Pl ant Design,
Chapter 4, “Intakes,” AWM, and Recommended Standards for Water
Wor ks, Heal th Educati on Servi ces.

4.6.2 Reservoirs

4.6.2.1 Sel ection. The selection should be based on the
foll owi ng factors:

a) Drainage areas nust be adequate to provide the
required fl ows.

b) Topography at the dam shoul d provi de anpl e storage
capacity at m ninmum cost, and a good site for a spillway to pass
the flood flow.

c) The geology at the dam shoul d provi de suitable
materials for dam construction, safe foundation for the dam and
the spillway, and tightness agai nst excessive seepage.

d) Selection should avoid the follow ng sites:
densely inhabited areas, heavily wooded areas, |arge swanpy
areas, areas requiring major highway relocation, areas fed by
silt-laden streans, and areas with many prior water rights.
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e) Intakes should be located so that tributary
streans and treated or untreated wastes cannot be
short-circuited through the reservoir to the intake.

f) Sites should be as close as possible to the area
served.

g) Plan for a gravity aqueduct fromthe intake to the
poi nt of delivery.

h) The site should have a m ninum of shall ow areas
when fl ooded, since shall ows encourage growth of weeds.

i) To reduce silting, seek the snallest practicable
dr ai nage ar ea.

4.6.2.2 Reservoir Site Preparation. Before constructing dans
and appurtenances, performthe follow ng operations at the
reservoir site:

a) Denolish and renove all structures bel ow the high
wat erli ne. Consider renoval of structures above the high
wat er |l i ne.

b) dear and grub all trees, stunps, brush, weeds and
grass below the high waterline. Cearing above this |ine nmay
encour age an objectionabl e growth of underbrush.

c) Renove all sanitary waste and waste di sposa
structures, such as septic tanks and cesspools fromthe entire
reservoir site.

d) Renove as rmuch muck from swanps as possible, with
enphasi s bel ow the high waterline.

e) Drain all pockets in marginal swanps.

4.6.3 Dans. For collateral reading, refer to Departnent of
the Interior, Design of Small Dans.

4.6.3.1 Earthfill. Use earthfill danms wherever construction
materials are avail abl e nearby and where a suitable spillway can
be secured. A qualified expert in soil nechanics should be
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consulted to analyze soil sanples taken at the site, and to
advi se on design and construction. The design of earthfill dans
should fulfill the foll ow ng requirenents:

a) The materials should be stable under all probable
condi tions of noisture content.

b) The foundation material should have enough bearing
capacity to support the | oaded dam

c) The dam should be resistant to percol ation of
wat er .

d) The enbanknent sl opes shoul d be protected agai nst
erosi on due to wave action and surface runoff.

e) The freeboard should suffice to prevent
overtoppi ng of the dam during extrene flood flow, and danage due
to frost penetration.

f) The design of earthfill danms should follow the
criteria for conpacted enmbanknents in NAVFAC DM 7 Series on Soi
and Foundati ons.

4.6.3.2 Rockfill. Use rockfill danms where rock is the only
satisfactory material available. The dam should have a
seepage-retardi ng nenbrane, either in or on the upstream
enmbankment. Design this nenbrane to remain watertight while
subj ect to tenperature changes and ot her forces. All other
requi renents for earthfill dans are applicable.

4.6.3.3 Concrete or Masonry. Use a concrete or masonry
gravity damonly where earthfill and rockfill types are not
appl i cabl e and where the spillway nust be incorporated in a
strong dam structure. The design of these dans should fulfil
the follow ng requirenents:

a) The dam nust be stabl e agai nst overturning,
sliding, shear, uplift ice thrust pressure, and earthquake
shocks.

b) The foundation nust have enough bearing capacity
to support the structure with the reservoir full

c) The dam and the foundation nust be | eakproof.
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d) The freeboard should suffice to prevent
overtoppi ng during extrene high flood fl ow and wave acti on.
4.6.4 Spi Il lways. Provide adequate nain and energency
spillways to protect danms agai nst overtopping by floods. They

may be side channel, chute, or ogee type.

4.6.4.1 Main Spillway. This appurtenance shoul d:

a) Provide a capacity to pass a 100-year fl ood.

b) Be | ocated, wherever possible, away fromthe
i ntake and the dam

c) Be built of concrete or stone, with sidewalls to
protect the dam structures from damage by sprays and the high
velocity in the spillway channel.

d) Be provided with an energy dissipater at its
downstream end to reduce the velocity to a rate that is harnl ess
to any downstreamriver channel on which the safety of the dam
depends, or to any downstream structures.

e) Provide a snooth approach section such that the
full design capacity of the spillway will be utilized.

f) Be provided with gated spillway openings only
when:

(1) Positive gate operation is assured,
(2) Full-time staff attends the dam and

(3) Good comuni cations and fl ood routing
i nformati on are avail abl e.

4.6.4.2 Stilling Basin. This basin should be used as the
energy dissipater for the main spillway. |Its design should
fulfill the follow ng requirenents:

a) The floor should be set so that the conjugate
wat er depth in the basin matches the tailwater el evation.

b) The length should enbrace the hydraulic junp
Wi thin the basin at maxi mum fl ow.
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c) The basin should be concrete, with sidewalls to
prevent the erosion of soils behind them

4.6.4.3 Emergency Spillway. This unit shoul d:

a) Provide a capacity, conbined with the main
spil lway, to pass the maxi mum probable flood flow.

b) Be located away fromthe intakes and the dam

c) Have its crest set at an el evation such that the
design flood level of the main spillway will not be exceeded.

d) Have a | ow head discharge with a wi de cross
section to keep the maxi numcrest velocity | ow, except where no
erosion fromdischarge will occur, when a fuse plug or washout
type may be used.

e) Have its slope reduced, so as to cause velocities
within the maxi mum all owabl e for the channel material s.

f) Have a snpoth approach section

g) Be constructed on firmmaterial and, if an earth
channel is used, always be well covered with grass and cl ear of
trees, bushes, structures, and any ot her obstructions to flow.

h) Use flash boards to provide any additional storage
or depth above the spillway crest. Special investigation of
resul tant hazards and associ ated problens wll be required.

Fl ash boards shoul d be of the washout type. Use criteria in
American G vil Engineering Practice, Volune 2, by R W Abbett.

4.6.5 Rai nwat er Catchnent Areas. The site should be
selected for the foll ow ng desirable factors:

a) Topography presenting a | arge surface area where
rai nwater can be easily collected. Slopes greater than 0.01
(1.0 percent) are desirable, as is space for a ponding basin to
store peak flows.

b) Absence of heavily wooded areas.

c) Absence of |arge swanpy areas.
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d) A mninmumdi stance of at |east 100 ft fromthe
outer edge of the catchnent or related structures to subsurface
sources of contam nation (such as septic tanks and cesspool s)
where the ground surface is used as a catchnent area.

e) Locate as far fromsources of air pollution as
possi bl e (for exanple, dust, soot, salt water spray).

4.6.5.1 Application. Such areas are to be used only:

a) Wiere there is no other adequate source of fresh
wat er .

b) Rainfall is sufficient to supply the required
yi el d.

4.6.5.2 Types

a) Open Gound Surface Area. The catchnent area
shoul d be graded to facilitate collection of rainwater and to
el i m nat e depressions causi ng pondi ng, and should be paved with
i npervious materials to prevent seepage | osses. The collected
wat ers shoul d be conveyed to a closed storage reservoir.

b) Roof Surface Area. Such areas should be used for
installations with small demand for water, or to suppl enent
ground surface areas.

4.6.5.3 Structures

a) Gound Surface Paving. Selection of the type
depends on soil conditions at the site. Use either concrete or
soil cement.

b) Training Wall. Provide adequate training walls
around the catchnment area. Provide curbs and gutters outside
the catchnment for protection against erosion, scouring, and
contam nati on during heavy rain.

c) Spillway. Provide an energency spillway to
prevent overtopping.

d) Ponding Basin. Were feasible, make the basin

integral with the catchment area. Size it in conjunction wth
the peak flow rates and capacity for discharging to storage.
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e) Discharge to Storage. Wter may run to storage by
gravity or punping. Provide a blowff to divert the initial
slug of raw water; it may carry accunul ated mneral s or
sedinent. Provide an intake sunp with bar racks of the grating
type in front of the conduit.

f) Storage Reservoirs. Design to conformto
requi renents for underground storage in Section 8.

g) Fencing. Fence the catchnent area.

4.6.5.4 Sanitary Protection. Catchnent areas nust be |ine
washed i medi ately after construction. Water treatnent,
filtration and disinfection are required; (for nethods, refer to
Section 6 on Treatnent).

4.6.5.5 Data Required. Rainfall data should include nonthly
rainfall quantities and where avail able, the nunber of days of
rain per nonth. Catchnent characteristics needed are: sl ope,
roughness, pondage, and di scharge capacity.

4.6.5.6 Basis of Design. For each rainstorm there is a | oss
of noisture due to surface detention, pondage, and evaporation.
Rat her than anal yze by individual storns, proceed on the basis
of the nunmber of days of rain. The loss will range from 0. 06
in. per day of rain for steep, snoboth catchnments free of pondage
to 0.25 in. per day of rain for paved areas having sl opes of
0.01 and the roughness of screened surfaces, with sone m nor
pondage. In this range, choose an appropriate unit |oss

al | ownance. \Where data on the nunber of days of rainfall are
unavail able, allow a gross yield of 0.5 gal/sq. ft of catchnent
area per in. of rainfall.

a) Mnthly Yield. For each nonth, nmultiply the |oss
al l omance by the nunber of days of rain. Subtract this product
fromthe nonth's rainfall to determ ne the gross yield.

b) Peak Rate. Check the peak rainfall rates and
resultant flows against the outlet capacity. |If a substantial
part of the annual rainfall causes uncollectible spills, nake
al l owance for this. An appropriate |oss allowance for
roof -gutter systens, or others where there are such |osses, is
25 percent of the gross yield. Correct each nonth's val ue;
rainy season corrections will probably be |arger than those in
drier nonths.
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c) Storage. Plot a mass curve of the direct period
on record and graphically determ ne the storage required on the
basis of the desired net unit yield. Fromthe unit yield and
storage data, determ ne the area of catchnent and the total
storage required.

4.7 Nonpot abl e or Salt Water Systens

4.7.1 Utilization

4.7.1.1 Waterfront Fire Protection Cooling and Flushi ng Water .
Separ ate nonpot abl e water supplies should be provided for active
waterfront facilities. At active and repair berths and
drydocks, cooling, flushing and fire protection requirenents
shoul d be net using nonpotable fresh or saltwater supplies.

Only one nonpot abl e system should be provided, and it should
nmeet the requirenents of the M L-HDBK-1025 and M L- HDBK- 1029
Series. At inactive berths, salt or nonpotable water should be
used, when available, for fire protection; if not avail abl e,

pot abl e water shoul d be used. Nonpotable water supplies should
be designed to preclude any possible contam nati on of potable
wat er supply sources or systens. Saltwater systens, including
distribution mains, should not be placed within a fresh water
aquifer, as any |eaks would contam nate the aquifer.

4.7.1.2 Condenser or Cooling Water. Use nonpotabl e systens
for cooling and simlar industrial uses when the quality of
water is not a critical factor.

4.7.1.3 Dem neralization or Distillation. Use nonpotable
wat er for intake and waste sections of dem neralization or
distillation systens. The potable portion of such systens
shoul d be conpletely separated from nonpotabl e secti ons.

4.7.2 Precautions. Special precautions for nonpotable or
sal twater systens are di scussed bel ow.

4.7.2.1 Cross Connections. Refer to AWM Manual ML4,
Recommended Practice for Backfl ow Preventi on and Cross-
Connecti on Control .

4.7.2.2 El evat ed Storage Tanks. For nonpotabl e supply storage
tanks, use air gaps to prevent polluting the potable water
system Every inlet fromthe potable water systeminto the
tanks shoul d be placed at least 6 in. or two tines the pipe
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di aneter, whichever is greater, above overflow level. In other
respects, use the criteria for tanks on potable water systens in
Section 8.

4.7.2.3 Qutlets. Al outlets of a nonpotable water system
nmust be marked appropriately.

4.7.3 Requirenents. Criteria for requirenents of nonpotable
or saltwater systens are as foll ows.

4.7.3.1 Fire Protection. For fire protection of shore
facilities, refer to M L-HDBK-1008C.

4.7.3.2 Waterfront Operational Facilities. Requirenents for
fire protection and flushing/cooling water are given in M L-HDBK
1025 Seri es.

4.7.3.3 Gravi ng Docks. The demands for graving docks must be
considered in the design or evaluation of overall station
capacity. Refer to ML-HDBK 1029/1, Gaving Drydocks, for
gravi ng dock requirenents.

4.7.3.4 Al Oher Uses. Uses other than those discussed
previ ously should be as required by the process being served.

4.7. 4 | ntakes. The general criteria for fresh water intakes
given in par. 4.6.1 are applicable with the foll ow ng additional
requiremnents.

4.7.4.1 Location. Keep suction |lines short, but avoid
proximty to sewer outfalls, stormdrains, and areas subject to
wat er borne trash or refuse. Conbine with condenser or cooling
wat er i ntakes when feasible. The intake structure can be
separate fromthe punp house.

4.7.4.2 Secondary Inlet. Provide energency inlet or screen
bypass at the bul khead. Make the inlet accessible for manua
oper ati on.

4.7.4.3 Screening. All intakes should be screened as foll ows.

a) Traveling Water Screens. Traveling water screens
shoul d be considered for all saltwater intakes.

b) Fixed Screens. At small intakes, operating |ess

38



M L- HDBK- 1005/ 7A

than 2 hours per day, a series of fixed screens can be used.
Fol | ow t he sequence and sizes of bar, coarse, and fine screens
as given in Section 6. Fram ng and screening should be heavy,
hot - di pped gal vani zed steel, corrosion-resistant alloy, or

fi bergl ass when screens are not exposed to sunlight. Provide
easy access for cleaning and nai nt enance.

4.7.5 Punpi ng. System pressure and capacity are determ ned
by fire, flushing and cooling water requirenents. The basic
criteria for punping stations are identical with those for fresh
wat er stations given in Section 5 and Section 9 of this manual,
except as discussed bel ow.

4.7.5.1 Power. Steamturbine drives can be used if the punp
station is in, or adjacent to, a central heating plant or power
pl ant that uses steamdriven auxiliaries. Power nust be

avail able at all tinmes. Were the seawater systemis a main
source of firefighting water, provisions should be nmade for

ei ther standby power or auxiliary drive by diesel power.

St andby power or auxiliary drive units should be automatically
supervi sed and thrown into operation, unless the punping station
is to be manned conti nuously.

4.7.5.2 Punps. The use of cast iron for punps, other than
standby punps, is prohibited for saltwater systenms. Punp
suppliers can be consulted for reconmended materials based on
service and pressure. However, designers should evaluate the
corrosivity of the water and specify appropriate materi al s.
Easy dismantling is essential for this type of service.
Capacity of the standby power systemor auxiliary drive system
shoul d provide at |east 50 percent of the total punping
capacity, unless electric power is provided fromtwo separate
sour ces.

4.7.5.3 Alarms. \Wiere the systemw ||l be in continuous
service, provide |ow pressure alarns. |If the punps operate
intermttently, the alarm system should be operative only when
driving units operate, after a suitable tine del ay.

4.7.6 Distribution System Use applicable criteria for

pot abl e water systens, Section 7. Include additional |oops and
branches required for graving docks and waterfront operationa
facilities.
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4.7.6.1 Pressure. Provide pipe and fittings of a class
suitable for the operating pressure, plus an allowance, based on
detail ed analysis, for water hamrer. Assune a fouling factor in
pi peline friction based on |ocal experience. Were |ocal data
are unavail able, use a friction factor of n = 0.017 or Hazen-

Wl lianms coefficient of ¢ = 100.

4.7.6.2 Materials. Materials for water mai ns shoul d be
selected fromthe foll ow ng:

a) AWM C104/ A21.4, ANSI Standard for Cenent-Mortar
Lining for Ductile Iron Polyethyl ene Encasenent for Ductile Iron
Pi pe Systens. AWM C110/ A21.10, ANSI Standard for Ductile Iron
and Gray-lron Fittings, 3 in through 48 in, for Water and O her

Li qui ds.

b) AWM C950, G ass-Fiber-Reinforced Thernosetting
Resi n- Pressure Pi pe.

c) AWM (C900, Polyvinyl Chloride (PVC) Pressure Pipe
4 in. through 12 in., for Water, and 40 CFR Part 141.50.

1) AWM C906, Pol yethylene Pressure Pipe and Fittings
4 in. through 63 in.

Mat erials for exposed pipes under piers should be
either flanged ductile iron or cenent nortar |ined, steel pipe;
AWM C205, Cenent-Mortar Protective Lining and Coating for Steel
Water Pipe--4 in. and Larger--Shop Applied. Steel pipe is
preferable where insulation is required. Pipe shall have a 250
psi rating and be properly coated for corrosion protection.

4.7.6.3 Val ves. Use butterfly val ves having a 250psi rating
constructed of materials resistant to corrosion by the source
water. Refer to AWM M44, Distribution Valves: Sel ection,
Installation, Field Testing and Mii nt enance.

4.7.6.4 Construction. Check |oads at joints, bends, fittings,
val ves and ot her necessary | ocations, and provi de necessary
ti e-downs and bl ocki ng.

a) Location. \Were pipes run under or inside of
structures, provide access manholes in the structures.
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b) Access. Provide blind flanges, hand hol es,
renovabl e sections, and other types of openings into the piping
for cleaning and i nspection.

c) Protection Against Freezing. Performa detail ed
analysis to determine if insulation or other type of protection
is necessary. Allow for the |ower freezing tenperature of
seawat er

d) Protection Agai nst Wnd Danmage. Pipes suspended
aboveground or on structural supports should be anchored to
wi t hstand wi nd velocities specified for the design of structures
(refer to ML-HDBK-1002 Series, Structural Engineering).

e) Protection Against Current/Tidal Action. Seawater
I ntake structures and piping exposed to current/tidal action
shoul d be adequately protected.

f) Expansion/Contraction. Expansion/contraction
requires detailed analysis to determine if provisions for
expansi on or contraction are necessary.

4.7.7 Corrosion and Fouling. Special criteria related to
corrosion and fouling are outlined bel ow

4.7.7.1 Cast Iron. Cast iron, which is nornmally used for
punps and piping in potable water systens, is slowy attacked by
seawat er which renoves the iron, |eaving a graphite residue
(graphitization). In quiescent water, this graphitized |ayer
remai ns intact and protects agai nst the penetration of water

and further corrosion. This protective layer is soft, and high
velocity flow in punps or piping will renmove it and expose fresh
base netal to high-rate corrosion. Furthernore, the graphite
particles are cathodi c and can accel erate the corrosion of new
cast iron brought into contact with them

4.7.7.2 Cenent Lined Steel and Cast lron Pipe. Usually,
cenent lining is good protection agai nst corrosion. However,
the lining can be eroded by high velocity flow of

sedi nent - beari ng water, fouling organisnms can break the |ining
away fromthe pipe wall, and inpact and vibration at waterfront
structures can weaken the |ining.
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4.7.7.3 Plastic Piping. There is no significant corrosion
problemin the use of plastic piping and the pipe is not as
susceptible to fouling as other nontoxic materials. Plastic

pi pe should be protected fromultraviolet radiation and properly
supported when installed in exposed |ocations. Wen installed
under ground backfilling with selected material nust be specified
in order to prevent surface gouging. PVC piping for drinking
has beconme suspect by the EPA (refer to 40 CFR Part 141.50).

4.7.7.4 Copper Based Materials. Copper based naterials are
comonly used on ships and other floating structures to overcone
both corrosion and fouling. Costs and the rough use that this
type of pipe will receive at shore installations may preclude
its use in extensive distribution systens and particularly in

| arge di aneter pipes. Copper based materials are susceptible to
corrosi on by hydrogen sulfide.

4.7.7.5 Cathodic Protection. Details for cathodic protection
design are given in M L-HDBK-1004/10, Cathodic Protection. ML-
HDBK- 1004/ 10 deals with cathodic protection for all buried
metallic structures including water supply lines and storage
tanks. For additional information refer to AWM Manual M7 -
External Corrosion, Introduction to Chem stry and Control,

| atest edition. This type of protection will probably contro
corrosion economcally at the intake piping and structures, and
in sone cases nmay be feasible to use for protecting transn ssion
lines. Consideration nmust be given to the effect on adjacent
buried utilities.

4.7.7.6 Fouling. A fouling problemw || exist in al

sal twater handling systens. Fouling organisns may reduce
corrosion by protecting the base material or accelerate it by
breaki ng up protective coatings or corrosion filns. Somne
barnacl es are capable of penetrating bitum nous coatings up to
1/4-in.) thick. An inportant additional point is that fouling
organi snms obtain a nore secure hold on hard snooth surfaces than
soft material. For exanple:

a) Barnacles adhere strongly to stainless steel.

b) Fouling organisns can be fairly easily renoved
from soft rubber
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c) Common protective paints, (nonantifouling) with
hard, gl ossy finishes afford good foundations for fouling
organi sms whil e soft paint finishes do not.

4.7.7.7 Control of Fouling

a) Fine Screening. This method reduces the nunber of
organi sns entering the system however, nost fouling growths
attach thenselves at an early growth stage when they are snall
enough to pass through fine screens.

b) Chemcal Treatnment. Chlorination is the nost
common treatnment used in saltwater handling systens, and is
recommended. Chlorine cannot protect the sections of piping
upstream of the point of application unless back-flushing is
feasible. The nethod is fairly successful in piping or
circulation systens. It may be relatively expensive to add a
| arge dosage of chlorine to |arge volunes of water. This is
of ten overcone by slug-feeding at high rates about 10 percent of
the tinme of operation. Copper sulfate may also be useful in
controlling fouling.

c) Antifouling Paints. These paints are in very
common use for protection of exposed material. Al nost al
antifouling paints utilize copper because of its toxicity to
wat er borne organi sns. Antifouling paints nust be separated from
a ferrous base netal by a prinmer coat to prevent interaction
bet ween copper and iron.

d) Velocity Control. Above certain velocities
fouling organi sns cannot anchor thensel ves on pi ping and/ or
punps. Below the follow ng approximate velocities, fouling wll
occur:

Pl PE MATERI AL LI M TI NG VELOCI TY
(approx. fps)
d ass 7
Pl astic 8
St eel 11
Cenment |ining 15

It is not feasible to maintain these velocities in
nost sections of a distribution system
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4.7.7.8 Conbi ned Control of Corrosion and Fouling

a) Desired Protection. On nost systens, it is
recommended that multiple protection be provided. A typical
system woul d have an intake protected by a traveling screen,
chl orination, and corrosion resistant or |ined piping.

b) Copper Base Material. Not commonly used due to
cost and the inability to stand rough handling.
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Section 5: PUMPS

5.1 Punpi ng I nstall ati on Pl anni ng

5.1.1 | nformati on Required. See Table 8 for the detailed
data needed for design of punping installations.

Tabl e 8
| nformati on Required for Punping Installation Planning

CATEGORY DETAI LED DATA AND | NFORVATI ON
Pur pose of service Transm ssion of water from water
sour ce.
Punping in the distribution
system

Punpi ng to el evated storage tank.
Punping for fire protection.
Boost er punpi ng.

Punpi ng service at treatnment

pl ant .
O her m scel | aneous punpi ng
servi ces.
Pi pi ng | ayout Lengt hs, sizes, fittings.
Demand requirenments Maxi mum demand: Myd or gpm

Aver age demand: Myd or gpm
M ni mrum demand: Myd or gpm
Variation in demand.
Ef fect of storage on demand rates.
Static |ift requirenents Static suction head or |ift
Li quid characteristics Static di scharge heads
Specific gravity
Tenper at ure
Vapor pressure
Vi scosity
pH
Chem cal characteristics
Sol i ds cont ent
Power avail abl e Type
Characteristics

5.1.2 System Head Curve. Refer to Punping Manual, Chapter
2, “Punp Performance and Characteristics,” T.C. D ckenson, 9th
Edition, for determ ning system head curve.
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5.1.3 Punpi ng Arrangenents. Sel ect the punping arrangenent
based on the types, applications, and limtations listed in
Tabl e 9.

Table 9
Applications and Limtations of Punping Arrangenents

TYPE OF ARRANGEMENT VWHERE TO USE LI M TATI ONS
Bypassi ng the Not to be used for nornal Wast e of power
di scharge (all or operation in a |large

part) installation, except during

enmer gency when ot her
arrangenents are inoperative

Mul tiple punps in Use this arrangenent as a Requi res

paral |l el operation normal installation mul tiple
punps, and
possi bly

j ockey punp to
pressurize
system at | ow

demands
Interm ttent punping Use this arrangenent
with storage reservoirs wherever possible
riding on hydraulic
gr adi ent
Manual or automatic Use only if detailed Usual | y
speed variation to cost study indicates expensi ve
control punp di scharge feasibility
5.1. 4 Determ ning Punp Capacity. Determne single or

multiple punp type as foll ows.

5.1.4.1 Single-Punp Installation. This type of installation
may be used only for extrenely small demands, when standby
service is positively assured.

a) To meet the maxi mum daily demand where there is an
el evat ed storage reservoir.

b) To neet the maxi mum daily demand where there is an
el evated storage reservoir.
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5.1.4.2 Mul tiple-Punp Installation. Use this arrangenent
normal ly; determ ne the capacity of each punp froma detailed
study of various conbinations to neet variations in demand.
Provide at |east three punps. The necessary station capacity
shoul d be available with the | argest punp out of service.

5.2 Sel ection and Installation of Punps

5.2.1 Types and Applications. Refer to Punping Manual, T.
C. Dickenson, 9th Edition, or Hydraulic Institute Standards for
i nformati on regardi ng proper application of punp types. Punp
characteristic tables are provided in the Punping Manual .

5.2.2 Punp Sel ection. Seek catalog information and gui dance
of several punp manufacturers in selecting a particul ar punp.
Refer to Table 10 for the factors invol ved.

Tabl e 10
Factors in Punp Sel ection
| TEM DETAI LS AND FACTORS
Punp characteristics Capacity range (gpm

D scharge head range (feet)
Characteristic curve (steepness,
ki nks)
Efficiency
Power i nput
Speed (rpm
Speci fic speed
Suction requirenments
Punp construction Conformto standards of Hydraulic
Institute (H)
Punp materials nust be suitable
for liquids to be handl ed
Bearing and seal construction
Space requirenents Conpare vertical with horizontal
type and sel ect punp requiring
| east space, other factors being
equal
Qperating flexibility Punp starting characteristics
Punp primng requirenents
Behavi or under parallel operation
Econony Power
Mai nt enance
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5.2.3 Installation Requirenents. Use applicable sections in
the Hydraulic Institute Standards. Sone typical punp stations
are shown in American Cvil Engineering Practice, Volune 2.

5.2.3.1 Punp Location. Except for subnersible sunp punps,
punp drives should not be placed in a pit or other |ocation
subject to flooding. Werever possible, |ocate punps so there
is a positive suction head.

5.2.3.2 Pi ping Arrangenent. Werever possible provide |oop
headers or otherw se arrange piping for mninmuminterruption of
service due to any one piping break. Were fire demand water is
furni shed, arrange to supply at |east 50 percent of the system
demand despite a possible break in any piping.

5.2.3.3 Suction Piping. Static lift should not exceed 15 ft,
including all |osses through suction piping due to the punp

| ocation. 1In all conditions of suction lift, a positive primng
facility should be provided.

5.2.3.4 Valves. Valves at punps should be arranged to provide
for renoving any punp unit from service without interruption to
ot hers.

5.2.3.5 Pressure Relief Valves. Provide a pressure relief
valve or a snall bl eeder Iine on punp discharge, if the
characteristics of the punp permt devel opnent of excessive
pressure, or if damage to the punp could result from overheating
because of operation with zero flow. This nust be done when the
punp di scharges into a distribution system which does not

i nclude an el evated storage tank, or if the systemincludes an
el evated tank that is protected agai nst overflow Review
manufacturer's data for selection criteria required

to prevent cavitation damage.

a) Recirculation Line. Were potable water is punped
from an underground reservoir, a recirculation |ine should be
provi ded, discharging fromthe pressure relief valve into a
properly checked reservoir fill 1line.

b) Fire Punps. Pressure relief valves should be
provided on fire punps in accordance with National Fire
Protection Association (NFPA) Standard No. 20, Installation of
Centrifugal Fire Punps.
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5.2.3.6 Fl exi ble Coupling. To relieve any strain transmtted
to the punps and to take up m salignnent, piping near punps
shoul d be provided with flexible couplings.

5.2.3.7 Vertical Punps. Design criteria for vertical punps
are del i neated bel ow.

a) Wet Pit or Well Subnergence. Use the val ue
recommended by the punp manufacturer for operation at sea | evel
with water at 70? F, and adjust the value for elevation above
sea |l evel and water above 70? F.

(1) Add 14 in. subnergence for every additiona
1,000 ft of elevation above sea | evel.

(2) Provide additional subnergence for water
tenperatures above 70 degrees F, as follows:

TEMPERATURE ADDI TI ONAL SUBNMERGENCE
degrees F in.
80 4
90 10
100 17
110 26
120 38
130 54
140 74
150 100
160 125
170 160
180 205
190 250
200 300

b) Vertical Booster Punps. Vertical booster punps
aid in reducing space and piping requirenents. Direct-connected
and can-type units are suitable.

c) | nt ake Sunp Design. Provide bar racks and
screens to protect punps, piping, valves, and fittings from
debris and aquatic life. Dinmensions of the sunp should be such
as to prevent vortex and turbul ence, which are detrinmental to
punp performance. Use the H Hydraulic Institute Standards as
gui des in design.
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5.2.3.8 Primng Facilities. Use the requirenents of the Hi
Hydraulic Institute Standards for planning primng facilities.

5.3. Power

5.3.1 Choi ce of Power. Factors affecting choice of power
i ncl ude dependability, availability, and econonic
consi derati ons.

5.3.1.1 Types of Power. Sel ect power fromthe foll ow ng:

a) El ectricity

b) Pet rol eum products (diesel oil)
c) Nat ur al gas

d) Conpressed air

e) St eam

5.3.1.2 Applications. For preferential choice and
applications, refer to Table 11.

5.3.2 Standby. Standby power for punps shoul d be provided
for all installations as described bel ow

5.3.2.1 El ectric Power. Provide two separate sources (two
separate feeders). Feeders should follow separate routes, and
originate from separate substations or other sources.

5.83.2.2 I nt ernal Conbusti on Engi nes. Provide internal
conmbusti on engi nes where there is no second separate electric
power source. Such engines should provide a standby capacity
which is equal to the required supply. Diesel engine-driven
punps shoul d be installed above grade in accordance with NFPA

5.3.3 Drives. To select the proper drives to connect power
to punps, design for the follow ng data:

5.3.3.1 El ectric Drives

a) Torque Requirenents. Use a constant torque notor
for reciprocating and rotary punps, and a vari abl e torque notor
for centrifugal punps.
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b) Al ternating Current Motors. Use a squirrel-cage
i nduction notor for 200 horsepower (hp) (149.2 kKW or |ess, at
constant speed. Use a wound rotor induction or nmulti speed
nmot or for 200 hp or |ess, when several different speeds are
required. Were the power factor is inportant, use a
synchronous notor for power above 200 hp.

C) Direct Current Motors. Use direct current (dc)
notors only when speed adjustnent is an inportant factor and
when economic factors permt.

d) Encl osure. Use appropriate standards of the
Nati onal El ectrical Mnufacturers Association (NEMA). General
types and applications are as foll ows.

(1) Dripproof. Use in nonhazardous, clean
surroundi ngs.

(2) Totally enclosed, fan-cooled. Use in
nonhazar dous corrosive atnospheres containing dusts or high
concentrations of chemi cals, or where hosi ng down or splashing
i S encount er ed.

(3) Totally enclosed, explosion proof. Use in
at nospheres containing potentially explosive gases, chem cal s,
or dust.

5.3.3.2 Selection of O her Drives. Apply the selection
factors in ML-HDBK-1003 Series, for internal conbustion
engi nes, gas turbines, steamturbines, and air conpressors.

5.4 Punp Characteristics. Listed below are genera
guidelines to followto determ ne the correct type of punp to
use. Oher sources to refer to for additional information

i ncl ude the Punping Manual, T.C Dickenson, 9th edition and
Hydraulic Institute Standards.

5.4.1 Curves. Ontain characteristic curves fromsevera
manuf acturers prior to the selection of a punp, including the
followi ng curves for centrifugal punps: head capacity (HQ,
ef ficiency capacity (E-Q, brake horsepower capacity (BHP-Q,
suction |ift capacity, and net positive suction head (NPSH)
required.
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Tabl e 11
Preferential Choice and Application of Punp Drive

POVER CHO CE DRI VE APPLI CATI ON
Electricity First AC not ors Primary power for
DC not ors stationary punping
Di esel oil Fi rst I nter nal In isolated area for
conmbusti on stationary punping
engi nes As energency standby
power source
Port abl e punpi ng source
Nat ural gas Second Gas turbine In isolated area for
or internal stationary punping
conbustion As energency standby
engi ne power source
Port abl e punpi ng power
source
Air conpressor Second Conpr essed At small installations
driven by air for airlift punps and
not ors or for other pneunatic
I nt ernal punps
combusti on
engi ne
5.4.2 Head and Capacity. Choose the head and capacity to

obtain the maxi numefficiency for the range of operating

conditions.

5.4.2.1
Centrifugal Punps.
a punp accordingly.

Axial Flow, M xed Flow, Vertical Turbines, and O her
Check the points delineated bel ow and sel ect

a) Suitability of Curve Steepness. Determne the
suitability of the curve steepness in the design range for the
duty required.

(1) Does the punp provide (or prevent) the
requi red variance in flow?
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(2) WII the punp performsatisfactorily in
parallel with others?

b) Curve Shape. Evaluate the curve shape on the
basis of the foll ow ng:

(1) Does the curve need to rise continually to
t he shutoff head?

(2) 1I1s there any likelihood that the punp may be
caught in a dip in the curve, resulting in unstable operation?

(3) Mdtor Overload. Do not allow notor overl oad
at any possi bl e operating point of the curve. Check the
operating range, shutoff condition (if applicable), and | ow head
condi ti on.

5.4.2.2 Rot ary, Reciprocating, and Jet Punps. Study the
manuf acturers' rating curves, and sel ect accordingly. Provide
relief valves for all positive displacenent punps, between the
punp and the first shutoff valve on the discharge |ine.

5.4.2.3 Airlift Punps. Use airlift punps for low lift service
or when aeration is needed.

5.4.3 Speed. Sel ection of speed is governed by the criteria
gi ven bel ow

5.4.3.1 Centrifugal Punps. The governing factors for
centrifugal punps include:

DESI GN PUVP LI FE (years)

FACTORS MORE THAN 10 LESS THAN 10
Mai nt enance costs Low H gh
Maxi mum speed (rpm
Qperates less than 3 hpd 1, 800 3, 600
Operates nore than 3 hpd 1, 200 1, 800

5.4.3.2 Rotary Punps. Operating speeds shoul d not exceed
t hose approved by the manufacturer.

5.4.3.3 Reci procating Punps. Operating speeds shoul d not
exceed basic speeds prescribed in H Hydraulic Institute
St andar ds.
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5.4. 4 Specific Speed. Centrifugal punp selection is
strongly influenced by efficiency and cavitation considerations.
The specific speed of a particular punp at the di scharge head
and suction lift conditions should not exceed that prescribed
for punps of this type in H standards, unless the application
is of sufficient inportance for mlitary representatives to

Wi t ness satisfactory operation- in-shop tests at higher specific
speeds.

5.4.5 Net Positive Suction Head (NPSH). For centrifugal
punps, design of the intake system should ensure that the
avai | abl e NPSH exceeds the required NPSH, to prevent boiling
under reduced pressure conditions and cavitation of the
inmpeller. A reasonable margin of safety should be provided, at
least 2 or 3 ft. Required NPSH can be obtained fromthe punp
manuf acturers, and avail abl e NPSH can be cal cul ated usi ng
formulas in Hydraulic Institute Standards.

5.4.6 Lubrication. The choice (oil, grease, or water) and
treatment shoul d be consistent with the bearings used, as
fol | ows:

a) Ol for sleeve bearings.
b) Gease for antifriction bearings.
c) Water where the heat generated is excessive.

d) Lubrication to be applied in accordance with the
manuf acturer's instructions.

e) The system nust prevent entry of oil or grease
into a potable water supply.

f) For vertical punp line shafts, use rubber bearings
and water |ubrication.

5.4.7 Seal s. Mechanical seals should be used where
corrosive or volatile liquids are handl ed. Stuffing boxes
shoul d be properly packed and sealed by a sealing liquid in
accordance with the manufacturer's instructions.

54



M L- HDBK- 1005/ 7A

5.4.7.1 Wat er Seal. An independent water seal supply, not
connected to the potable water systemor a potable water supply
protected by an air gap or backfl ow preventer, should be used
where the water quality or punp characteristics prevent a
self-sealing systemas follows:

a) Wen the suction |lift exceeds 15 ft.

b) When the discharge pressure is |less than 23 ft.

c) Wen the punp handl es hot water.

d) Wien the water is nuddy, sandy, or gritty.
5.4.7.2 Stuffing Box Water Cooling. Cooling water should be

applied to the stuffing box jackets where punps operate at a
hi gh stuffing box pressure.

5.4.8 Surge Prevention. Surge or water hanmmer, produced by
a sudden change of flow in the punping system should be
careful ly studied. For |large, high pressure systens, the help
of a qualified expert is recommended; and his recomrendati on
shoul d be incorporated into the design.

5.4.8.1 Met hods of Control. Surges are handl ed by one or nore
of the follow ng nethods:

a) Mderating the valve closure tinme by either a
manual or automatic valve controller;

b) A surge tank with a free water surface;
c) An air chanber on the discharge line;
d) A surge suppressor

e) A surge relief valve;

f) A vacuumrelief valve.
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Section 6: TREATMENT

6.1 Gui dance and Met hods

6.1.1 Gui dance. At permanent and tenporary installations,
di sinfection by chlorination, chloram nation, or other means
will be applied to all water for potable uses, except from

muni ci pal or private water supply sources which conformto the
bacteriological criteria set forth in Section 3. Refer to CFR
40 for additional treatnent beyond disinfection.

6.1.1. 1 Fiel d Bases. Disinfection should be applied to al

wat er before use. Additional treatnent should be provided to
natural ly contam nated water. Special decontanination treatnent
shoul d be applied to chemcally contam nated water in addition
to regul ar treatnent.

6.1.2 Rel ated Criteria. For design criteria of boiler feed
wat er and power plant water supplies in central heating and
power plants, refer to Water Conditioning in the M L-HDBK-1003
Series on Mechani cal Engi neeri ng.

6.1.3 Met hods. Factors affecting the selection of treatnent
met hods include: quality of water supply source, quality of
desired finished water, dependability of process equi pnent, ease
of operation, flexibility in reacting to changing water quality,
space for construction, generation of wastes, and capital and
operating costs. Refer to Water Quality and Treat nent, Chapter
3, “CGuide to Selection of Water Treatnment Processes,” AWMWA,
Fourth Edition. Table 3.1, “General Effectiveness of Water
Treat ment Processes for Contam nant Renoval ,” provides the

ef fectiveness of treatnent processes such as aeration and
stripping, coagulation, sedinmentation, filtration, |ine
softeni ng, ion exchange, nenbranes, disinfection for primry
contam nates (mcrobial, turbidity, inorganic, organic), and
secondary contanm nants.

6.1.3.1 Application of Chemicals. Refer to pars. 6.7, 6.8,
and 6.12 for chemcals to be used.

6.1.3.2 Pilot Study. For all pernmanent installations where
water is to be handl ed by processes not adequately tested in
near by plants, operating on a simlar water supply, a pilot
study shoul d be conducted to determ ne both the efficiency and
arrangenent of proposed treatnent used.
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6.1.4 Materials of Construction. To the maxi mum practica
extent, use materials that are standard in ordinary engi neering
practice. Special materials nay be used, where econony all ows,
or conditions dictate, to provide needed corrosion resistance or
ot her characteristics especially required in parts of the

treat ment works.

6.1.5 New Devi ces. New treatnent devices may be used only:

a) Were there are special needs that cannot be net
by generally accepted nethods, and

b) After testing by an inpartial research or
devel opnent organi zati on has established their useful ness and
dependabi lity.

6.2 Scr eeni ng

6.2.1 Types and Application. Bar racks with 1 1/2 - to
2-in. openings should be used to keep the large floating debris
out of intake conduits, and for all intakes to low lift punping
stations.

6.2.1. 1 Coarse Screens. For water to be filtered, use screens
with 1-in. mesh to renove the small floating debris, vegetation
and fish that cannot be handl ed by bar racks.

6.2.1.2 Fine Screens. Use fine screens as recommended in
Water Treatnment Pl ant Design, AWM, third edition. The water
vel ocity in net screen openings should be less than 2.0 feet per
second (ft/s) at maxi mum design flows and m ni mum screen

subner gence.

6.2.1.3 Traveling Water Screen. Use this type at freshwater
i ntakes followi ng the bar racks; or at treatnent plants to
renmove high concentrations of coarse suspended or floating
matter.

6.2.2 Materials of Construction. In fresh water, use steel
frames for construction of screening.

6.3 Aeration. Refer to Water Treatnent Plant Design,
Chapter 5, “Aeration and Stripping,” AWM, third edition;
Reconmended Standards for Water Works, Part 4.5, “Aeration,”
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Heal t h Education Services, 1997 Edition; and Water Quality and
Treatnent, Chapter 5, “Air Stripping and Aeration,” AWM, fourth
edition.

6.4 Sl udge Renoval . Sludge renoval is generally with
mechani zed sl udge coll ectors, although it may be nanual in sone
installations. |If manual, provide at |east two basins so that

one basin may be taken out of service for cleaning wthout
interruption of operation. Provide for hydraulic renoval of
settled solids by draining and flushing if possible, otherw se

by manual | oad-and-haul. Refer to par. 6.11 for further
gui dance.
6.5 Coagul ati on and Sedi nentation. Refer to Water

Treatnent Pl ant Design, Chapter 6, “M xing, Coagul ati on and

Fl occul ation,” Chapter 7, “Carification,” AWM, third edition;
and Water Quality and Treatnent, Chapter 6, “Coagul ation
Processes: Destabilization, Mxing, and Floccul ating,” Chapter
7, “Sedinmentation and Floatation,” AWM, fourth edition.

6.5.1 Materials of Construction

a) Concrete. Use concrete for all permanent
install ati ons constructed on-site.

b) Steel. Use steel only for tenporary units,
factory prefabricated units, or small circular basins. It may be
used for internal parts of a solids contact reactor, but for
per manent installations, provide adequate corrosion protection.

6.6 Filtration. Refer to Water Treatnent Pl ant Design,
Chapter 8, “H gh Rate Granular Media Filtration,” Chapter 9,
“Sl ow Sand and Di at omaceous Earth Filtration,” AWM, third
edition; and Water Quality and Treatnent, Chapter 8,
“Filtration,” AWM, fourth edition.

6.6.1 Filtered Water Storage. Provide filtered water
storage (clear well) in accordance with Recommended Standards
for Water Wirks, Part 7, “Finished Water Storage,” Health
Educati on Services, 1997 edition. Chlorine contact time (CT)
shoul d be in accordance with the requirenents of the 40 Code of
Federal Regulation (CFR) Part 141, and U.S. EPA Nati onal
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Drinking Water Regul ations. Refer to Water Treatnent Pl ant
Desi gn, Chapter 10, “Oxidation and Disinfection,” AWM, third
edition, for additional information relating to disinfection
requirenents.

6.7 Di sinfection. Refer to Water Treatnent Plant Design,
Chapters 10, “Oxidation and Disinfection,” Chapter 15,

“Chem cal s and Chem cal Handling,” AWM, third edition; Water
Quality and Treatnent, Chapter 14, “Disinfection,” AWM, fourth
edition, AWM Manual MO, Water Chlorination Principles and
Practices; and Recommended Standards for Water Wrks, Part 4.3
and Part 5; Health Science Goup, 1997 edition. Disinfection
shoul d be in accordance with all regulations (including CT) as
published in the 40 Code of Federal Regulation (CFR) Part 141.

6.7.1 Well Disinfection. Refer to AWM Manual M1,
G oundwat er, AWM St andard A100, Water Wells; and AWM St andard
C654, Disinfection of Wells, for well disinfection requirenents.

6.8 Sof t eni ng
6.8.1 Softeni ng Processes. Refer to Water Treatnent Pl ant

Design, Chapter 11, “Linme Softening,” and Chapter 12, “lon
Exchange Processes,” AWM, third edition, for detail ed design
criteria. For general design criteria refer to Recomended
Standards for Water Works, Part 4.4, Health Education Services,
1997 edition.

6.8.2 Desi gn Features. The nost desirable total hardness
for potable water supplies is about 100 ppm wth a carbonate
hardness not | ess than 40 ppm \Water softer than 100 ppm tot al
hardness is often corrosive. For water used only for donestic
pur poses, excessive hardness causes increased usage of soap and
decreased lifetinme of water heaters. There is no recognized,
unaccept abl e upper limt for hardness, and the decision to
soften can be based on econom c anal ysis, consumer preference,
or the judgnment of the designer. The health effects of added
sodi um shoul d be considered in evaluating any water softening
program

For a boiler water conditioning, hardness requirenents
and softening techniques are discussed in M L-HDBK-1003 Seri es.

6.9 Speci al Tr eat nent
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6.9.1 | ron and Manganese Renoval. Refer to Recomended
Standards for Water Works, Part 4.5, Health Education Services,
1997 edition; and Water Quality and Treatnent, Chapter 10,
“Chem cal Precipitation,” AWM, fourth edition.

6. 9. 2. Taste and Odor Control. Several treatnent processes
can control taste and odor. These processes include; copper
sulfate treatnent, aeration, activated carbon, chlorine dioxide,
and ozone. For guidelines regarding these treatnent processes
refer to Recommended Standards for Water Works, Part 4.9, Health
Education Services, 1997 edition; Water Quality and Treat nent,
AWM, and AWM St andards B600, Powdered Activated Carbon; B601,
Sodi um Metabi sul fite; B602, Copper Sulfate; B603, Potassium

Per nanganat e; and B604, G anul ar Activated Carbon, AWWA.

6.9.3 Corrosion and Scale Control. Refer to Water Quality
and Treatnent, Chapter 17, Internal Corrosion and Deposition
Control, AWM, fourth edition; and AWM Scal e and Corrosion
Control Standards B501 through B505, B510 through B512, and
B550.

6.9.4 Fl uori dati on. Refer to Recommended Standards for
Water Works, Part 4.7, Fluoridation, Health Educati on Services,
1997 edition; Water Quality and Treatnent, Chapter 15, “Wter
Fl uoridation,” AWM, fourth edition; and AWM St andards B701,
Sodi um Fl uori de; B702, Sodi um Fl uorosilicate; and B703,

Fl uorosilicic Acid, AWA

6.9.4.1 Standby. It is not necessary to provide standby

equi pnent for fluoride addition or renobval since a short-term
interruption in treatment for repairs and mai ntenance i s not
consi dered detrinental to the |ong-range effects of this type of
treat nent.

6.9.5 Reverse Osnosis Treatnent. Reverse Osnosis can be
used for the renoval of all of the inorganic conmpounds |listed in
40 Code of Federal Regul ations (CFR) Part 141 through 143.
Treatnent units are typically sized after conducting pil ot
studies, particularly when units are being used for the renoval
for specific inorganics. Brine solutions produced during
treatment can be discharged to a sanitary sewer, to a brine
evaporation pond, or in sone cases to a watercourse such as a
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river or body of salt water. Refer to Recomnmended Standards for
Wat er Works, Heal th Education Services, 1997 edition; and Water
Quality and Treatnent, Chapter 11, “Menbrane Processes,” AWM,
fourth edition.

6.9.6 Heavy Metals Renobval. Heavy netals listed in 40 Code
of Federal Regulations Part 141 through 143 can be renoved by a
nunber of treatnent techniques, including reverse osnosis, alum
or ferric coagulation, |inme softening, anion exchange, and
cation exchange. CGuidance on renoval capabilities of these
processes for various heavy netals is presented in

EPA- 600/ 8-77- 005, Manual of Treatnent Techni ques for Meeting the
InterimPrimary Drinking Water Regul ati ons, and

EPA- 600/ 2- 79- 162a, Estimating Water Treatnent Costs, Volune 1,
Summary.

6. 10 Sal t wat er Conver si on

6.10.1 Application. Were freshwater supplies are not
avai | abl e, sone neans of saltwater conversion nust be provided.

6. 10. 2 Treat ment Processes. Select one of the treatnent
techniques listed in Tables 12 and 13. Revi ew recommendati ons
of manufacturers to develop criteria for design. Refer to
reports of the Ofice of Saline Water, U.S. Departnent of
Interior, for descriptions of processes. For additional
information regardi ng nmenbrane processes refer to Water

Treat ment Pl ant Design, Chapter 13, “Menbrane Processes,” AWWA,
third edition; Water Quality and Treatnent, Chapter 11
“Menbranes,” AWM, fourth edition; and AWM Manual M38, Electro
dialysis and Electro dialysis Reversal.

6. 11 Di sposal of Wastes From Water Treatnent Pl ants. For
i nformation regardi ng di sposal of wastes refer to Water
Treatment Pl ant Design, Chapter 17, “Process Residuals,” AWM,
third edition; Water Quality and Treatnent, Chapter 16, “Water
Treat ment Pl ant Waste Managenent,” AWM, fourth edition; and
Reconmmended Standards for Water Works, Part 4.11, “Waste
Handl i ng and Di sposal ,” 1997 edition.
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Table 12

Characteristics of Salt Water Conversion Equi pment - Techni cal
Process
Subrrer ged Subrer ged Vapor
El ectro Rever se Fl ash Conbusti on Tube Conpr essi on
dialysis Osnosi s Distillation® | Distillation Distillation® [ Distillation
Equi prent | Prefilter, | Prefilter, Evapor at or, Evapor at or, Evapor at or, Di esel
Requi red El ectro feed boiler, air cycl one boiler air engi ne or
di al ysi s punps, ej ect or separ at or, ej ector vacuum | el ectric
st ack, reverse vacuum air-cool ed system not or, heat
punps, osnosi s system condenser, chem cal exchanger
controls menbr anes chem cal air t r eat ment evapor at or,
and t r eat nent conpr essor, equi prent , starting
nmodul es, equi prrent , engi ne, punps, heat er,
pr oduct punps, distillate control s. punps,
wat er controls. neutralizer, controls.
degasifier punps,
, and control s.
control s.
Characteristics
Max raw 15, 000 None None None None None
wat er
TDS, 2 ppm
Fi ni shed Vari abl e Vari abl e 2-10 10- 100 2-10 0.5-10
wat er
T0S, ppm
Waste to 0.1-1.0 0.33-1.0° 10- 20 0.5-1.0 15- 30 0.5-1.0
pr oduct
wat er
ratio
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Table 12

Characteristics of Salt Water Conversion Equi pnent - Techni cal
Process
Subrrer ged Subrer ged Vapor
El ectro Rever se Fl ash Combusti on Tube Conpr essi on

di al ysis Gsnosi s Distillation® | Distillation Distillation® [ Distillation
I b steam None None 3-5 None 3-5 None
per gal
pr oduct
wat er
Shaft hp |1/2-2 1.1-2.1% 1 6- 8 6- 20
per 1,000
gpd
capacity
Operating tenperature
Wat er See See 145- 175 180- 195 145- 175 215

Footnote 5 | Footnote 6 | degrees F degrees F degrees F degrees F
Heat None None 215- 227 Fl anme 215- 227 230
source degrees F degrees F degrees F
Tot al 553 8 68- 130% 5, 000- 6, 000 2, 000- 3, 000 5, 000- 6, 000 700- 1, 500
i nput
ener gy,
Btu per
gal
pr oduct
wat er
'Cheni cal treatnent required for corrosion and scal e control

>Tot al

di ssol ved sol i ds.

V., /SOOT -X9aH -1 IN
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Table 12

Characteristics of Salt Water Conversion Equi pnent - Techni cal
Process
Subrrer ged Subrer ged Vapor
El ectro Rever se Fl ash Combusti on Tube Conpr essi on
di al ysis Gsnosi s Distillation® | Distillation Distillation® [ Distillation

°Bracki sh water, 5,000 ppm TDS renvoved.
*For brackish water, hp/ 1,000 gpd is 0.04-0.07, and total input energy is 24-42
Bt u/ gal |l on of product water.
>Maxi mum wat er tenperature 100 degrees F
®Maxi mum wat er tenperature 86-122 degrees F, depending on type of nenbrane
"Recommended standards for water works.
8per Energy equation of Water Treatnent Menbrane Processes, AWM (Page 12.40).
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Characteristics of Salt Water Conversion Equi pnent -

Tabl e 13

Descriptive

Ener gy Met hod of
Process Sour ce Ener gy Transfer CGeneral Description
El ectrodial ysis | Electrical | Potenti al Mgration of the ions to be renoved is induced by
di fference and the potential difference across the brine
ion and current solution. Selective nenbranes allow either
flow positive or negative ions to pass through, thus
provi ding alternate channels of dem neralized and
highly mneralized water
Reverse Gsnosis | El ectrical | Pressure across | Menbranes are used which allow water to pass, but
a sem - reject the passage of positive and negatively
per neabl e charged ions, high pressure is used to counteract
menbr ane. the natural osnotic pressure across the nenbrane,
dem neralized water and a highly mneralized
waste streans are produced
Fl ash Wast e or Heat exchanger Simlar to subnerged tube, below, except that the
distillation exhaust out si de of mai n heat input is in an external exchanger where
st eam evapor ati on no evaporation takes place. Wter flashes into
vessel steamin the evaporator vessel away from hot
coils, thus reducing sealing.
Subner ged Gas or Conbusti on Fuel plus conpressed air burn in evaporator
conmbusti on liquid takes place in Conbustion products are directed through the
distillation fuel the evaporation | brine, heating and causi ng evaporation. Exhaust
vessel . gases, mxed with steam flow through a

separator. Heat is recovered from condensate.
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Tabl e 13 (Conti nued)
Characteristics of Salt Water Conversion Equi pment - Descriptive

Ener gy Met hod of
Process Sour ce Ener gy Transfer Ceneral Description
Subnerged tube | Waste or Steamcoils in Original marine equipnent: heat
distillation exhaust t he evaporat or. exchanger is the evaporator vessel.
st eam Steam fl ows through coils in the
evaporator. Low pressure (2 psia)
mai ntai ned in the evaporator. Heat
recovered form condensate heats
incom ng brine. Noncondensing waste
gases evacuated by air ejector.
Vapor Conpressor | Vacuum appl i ed Initial heat added through auxiliary
conpr essi on (al so on evaporation heater. Subsequent mai ntenance of | ow
distillation auxi liary si de, pressure in the evaporator causes brine
heat) conpressi on on to flash into steam Heat is recovered

t he condensat e
si de

from conpressed vapor and transfers
energy to brine

V. /SO0T -M9dH -1 IN
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6.12 Chem cal Feedi ng and Handl i ng

6.12.1 Gui dance. Equi pnent shoul d be as sinple as possible.
In any installation or facility, equi pnent procurenent should be
limted to the small est practicable nunber of manufacturers.

6.12.1.1 Standardi zation. Equi pnent should be standardi zed
wherever possible. Use identical or simlar conponents to the
maxi mum extent. Feedi ng equi pnment shoul d be honbgeneous ('t hat
is, all self-powered, all pneumatic, etc.).

6.12.1.2 Equi pnent Accuracy. Equi pnent accuracy tol erances
shoul d be as | ow as possible consistent with the functions
desi red.

6.12.1.3 Equi pnent Ranges. Before selecting equi pnent, the
requi red maxi mum and m ni num capacities should be conputed, and
ranges shoul d be kept as narrow as possible for any piece of
equi pnent .

6.12.1.4 New Products. New products and applications are
constantly being devel oped. Approval or advice on their uses
must be requested from Naval Facilities Engi neering Conmmand
Criteria Ofice or HQ AFCESA/ CESC.

6.12.2 Chemicals. Al chemicals used in water treatnent
operations should nmeet purity requirenents of Anerican Water

Wor ks Associ ation (AWM) standard specifications. Design should
be based on the assunption that chemicals will be purchased in
normal shi pping containers (such as bags, druns, cylinders, or
carboys) rather than bul k car or truckloads. Functions of

vari ous chem cals and chemicals strengths are provided in Wter
Treat ment Pl ant Design, Appendix A, “Properties and
Characteristics of Water Treatnent Chemicals,” AWM, third
edition.

6.12.2.1 Handling and Storage. Refer to Water Treatnent Pl ant
Desi gn, Chapter 15, “Chem cals and Chem cal Handling,” AWM,
third edition; Recommended Standards for Water Wrks, Part 5,
“Chem cal Application,” Health Education Services, 1997 edition.
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6.12.2.2 On-Site Ceneration and Feedi ng Equi pnent. For ozone,
hypochl orite, and chlorine dioxide refer to Water Treat nent

Pl ant Design, Chapter 10, “Oxidation and D sinfection,” AWMWA,
third edition; Recormended Standards for Water Works, Part 5,
“Chem cal Application,” Health Education Services, 1997 edition.

6.12.2.3 Chem cal Feeders. Refer to Water Treat nent Pl ant
Desi gn, Chapter 15, Chemicals and Chem cal Handling, AWM, third
edi tion.

6.12.2.4 Safety Precautions. Provide the follow ng safety
factors, as a m ni mum

a) First aid kits.

b) Continuous toxic gas nonitors with al arns and
pressure demand sel f -contai ned breathing apparatus (SCBA) for
energency gas situations.

c) A readily accessible potable water supply to wash
away chem cal spills including energency del uge shower and
eyewash facilities |ocated within easy access to those in need.
Recommended Standards for Water Works, 1997 edition, suggest
that a water holding tank that will allow water to come to room
tenperature should be installed in the water |line feeding the
del uge shower and eye washi ng device. Oher nethods of water
tenpering can be considered on an individual basis.

d) Special handling clothing and accessories, such as
gl oves, goggl es, aprons, and dust nasks.

e) Adequate ventilation. For facilities using gaseous
chl orine or ammoni a (chl oram nes), and exhaust fan for
ventilation needs to be |ocated near the floor, wth intake near
ceiling on opposite wall.

f) No electrical convenience outlets in activated
carbon storage or feeding roons. Store activated carbon in a
separate roomw th adequate fire protection.

g) Entry into confined spaces will require adherence

to a gas free engineering program Refer to 29 CFR Part 1910
for regulations regarding entry into confined spaces.
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6.12.2.5 Chem cal Feeder Capacity and Standby Requirenents
Base feeder capacity on maxi num expected i nstantaneous flow and
dosage. Essential (noninterruptible) chem cal feeders such as
di sinfection units nmust have a standby unit having capacity
equal to the largest unit. The need for standby units or other
treatment processes depends on raw water quality. Were two
chem cal feed systens could use the sanme spare chem cal feeder
one standby unit to serve both is adequate. Refer to

EPA- 430-99-74- 001, Design Criteria for Mechanical, Electrica
and Fluid System and Conponent Reliability.

6.12. 3 Sanpling. Except where raw water quality is highly
variabl e during short tinme periods, conposite sanpling is
usual |y not necessary for raw water. Conposite sanpling or

conti nuous nonitoring my be desirable for certain paraneters in
treated water, such as turbidity. Turbidity, chlorine residual
suspended solids, alkalinity, hardness, fluoride, and pH are the
normal process control variables in potable water treatnent.
These are neasured at | east once per operating day. O her
paranmeters that are nmeasured quarterly, or annually are total

tri hal omet hanes (TTHVM, heavy netals, specific herbicides,
pestici des and synthetic organics, and total organic carbon
(TOC). Frequency of sanpling these paraneters depends on | oca
conditions and regulatory requirenments. Sanple for Tot al
Coliformas per U S EPA requirenments as stated in 40 CFR Part
141.

6.12.4 Anal ytical Methods. Refer to APHA Standard Met hods
for the Exam nation of Water and Wastewater and AWM Manual ML2,
Sinplified Procedures for Water Exam nation, for |aboratory
procedures. In addition to standard | aboratory nethods,
continuous nonitoring is often required or desirable for certain
wat er quality paraneters.

6. 13 Metering, Instrunentation, and Control. Refer to
Wat er Treatnent Pl ant Design, Chapter 20, “Process

I nstrunentation and Controls,” AWM, third edition; AWM Munual
M2, Autonmation and Instrunentation; and AWM Standard Seri es
C700, Meters.

6.13.1 Gui dance. Devices and systens should be as sinple as
possible. 1In any installation or facility, equi pnent
procurenent should be limted to the smallest practicabl e nunber
of manufacturers.
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6.13.1.1 Standardi zation. Equi pnent shoul d be standardi zed
wher ever possible. Use identical or simlar conponents to the
maxi mum extent. Instrunentation and control equipnment shoul d be
honogeneous (that is, all self-powered, all pneumatic, and so
forth).

6.13. 1.2 Equi pment Accuracy. Equi pnment accuracy tol erances
shoul d be consistent with the functions desired.

6.13. 1.3 Equi pnrent Ranges. Before selecting equipnent, the
requi red maxi mum and m ni num capacities should be conputed, and
ranges shoul d be kept as narrow as possible for any piece of
equi prent .

6.13.1.4 New Products. New products and applications are
constantly being devel oped. Advice on application and use
shoul d be requested from Naval Facilities Engi neering Command
Criteria Ofice or HQ AFCESA as appropri ate.

6.13.2 I nformati on Required. Obtain the follow ng
information to assist in equipnent selection:

a) Type of treatnent.

b) Chem cal, physical, and bacteriological qualities
of raw water, and actual variations; treated water, perm ssible
[imts.

c) Variations of flowrate or demand for raw water or
waste, treated water or waste

d) Ranges of other related vari abl es.
e) Size of plant.

6.13.3 Primary Measuring Devices. Primary neasuring devices
are required at significant |ocations in water supply systenms to
sense and neasure flow, pressure |evel, tenperature, weight, pH
and ot her process variables essential to proper operating
control and eval uation of plant performance. See Table 14 for
exanpl es of |ocations of neasuring devices and types of

measur ement s.
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6.13.3.1 Use Limtations. D fferent types of neasuring devices
are available for each application. See Table 15 for a listing
of primary devices and exanples of their application. The
listed "capacity" of a device includes nost sizes and types of
the device that are available. The "range" is the usefu
turndown-ratio of a particul ar device.

6.13.3.2 Discrete vs. Analog Devices. Alarmfunctions and many
control functions require only the presence or absence of a
process variable input for their operation. For exanple, a sunp
punp may start if the liquid |evel is above a certain point or a
tank heater may start if the tenperature is below a sel ected
point. Control these functions by discrete devices such as flow
swi tches, tenperature switches, |evel sw tches, and pressure
swtches. |[|f the actual status of the process variable is
required, rather than on/off, for indication or control, an
anal og primary device should be used. Sone alarmsw tches are
not included in the tables; for exanple, clarifier torque
switches, speed switches, and other equipnent protection
switches that are normally supplied with the equi prnent.

6.13.4 | nstrunentation. Instrunmentation covers all secondary
instrunents (such as gages, indicators, recorders, or
totalizers) needed for efficient operation of water supply
systens. Information sensed by a primary device is transl ated
by instruments into an operator usable form Most anal og
primary devices require secondary instrunents, although a few
(such as displacenent neters) contain built-in counters.

| nstrunent ati on shoul d be used only where operating conveni ence
and cost savi ngs outwei gh added nai nt enance needs. Data | ogging
devi ces shoul d be consi dered where cost can be offset by reduced
operating manpower needs. See Table 14 for recomended

i nstrunmentation usage. Refer to Water Treatnent Plant Design,
Chapter 20, “Process Instrunentation and Controls,” AWM, third
edi tion.

6.13.4.1 Use Limtations. Instruments nay be obtained in any
conbination to total, indicate, or record the information

devel oped by primary devices. Oher nore sophisticated fornms of
i nstrunments (such as summation and nultiplication of variable)
are possible, but are not normally needed.
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6.13.4.2 Transmi ssion. Refer to AWM Manual M2, Autonation and
| nstrunmentation, for information regardi ng pneunmati c and

el ectrical controls. Select neans of transmitting information
fromprimary neasuring devices to secondary instrunments fromthe
fol | ow ng:

a) Mechanical. Transm ssion distance is limted to a
few feet. Consider the effects of corrosion, wear, or icing on
mechani cal |inkages.

b) Pneumatic. Transm ssion distance can be up to
1,000 ft. Reaction tinme of pneumatic |loops is relatively |ong
if transm ssion distance is |ong.

d) Electrical. There is no limtation on distance.
Anal og signals may require anmplification for transm ssion
di stances greater than 1,000 ft.

6.13.4.3 Renpte Indication. Renote indicators should provide
the operator with the status of any function necessary for
renmote operation of the plant. Panel l|ights should indicate the
on/ of f status of punps or other discrete devices, alarm
functions and operator-actuated functions (for exanple, initiate
backwash, fill day tank).

6.13.5 Controls. Refer to Water Treatnent Pl ant Design,
Chapter 20, “Process Instrunentation and Controls,” AWM, third
edi tion; and AWM Manual M, Automation and Instrunentation.
Control |l er devices are needed to regulate the functions of

equi pnent throughout the process. Consider automatic controls
where significant inprovement in performance will result, or
where cost can be offset by reduced operati ng manpower needs.
O herwi se, keep controls as sinple as possible. Werever

feasi ble, use fixed or manual controls (for exanple, weirs,

| aunders, siphons, or throttling valves) in preference to
mechani cal devices, and direct acting controls (for exanple,
float valves) in preference to electrically or pneumatically
actuat ed devices. Always consider effects of possible contro
mal functions. Controls may be classified by the degree of
automation (see Table 14).

6.13.5.1 Mnual. Use manual control where the operator wll
start, stop, or adjust rates of operations based on instrunent
observations, |aboratory tests, or indicated conditions.

72



M L- HDBK- 1005/ 7A

6.13.5.2 Automatic. Use automatic control to start, stop, or
regul ate rates of operations automatically in response to
changes in a nmeasured variable or other input. Al equipnent
shoul d al so have manual control to override automatic contro
regardl ess of the degree of automation provided.

6.13.5.3 Design Considerations. Mny controls conbi ne manual
and automatic operations. The operator may initiate an
automatic-timed cycle backwash system or adjust set points of a
proportional controller based on instrunent observation.
Controls that seldomrequire adjustnent (rate of flowto
filters, for exanple) should be manual. Controls requiring
frequent adjustnent (starting sunp punps, proportional chem ca
feedi ng) shoul d be automatic. Decisions on whether the
automation is on/off-tinmed cycle, or proportional, should be
based on anal ysis of plant requirenents.
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Tabl e 14

Metering, Instrunmentation and Control Requirenents
for Water Supply and Treat ment
Range of Control s
Type of Measur enent
Type of | nst runent and/ or I tem
Location and Use Measur enent Readout (Y Readout Regul at ed Type

Sour ce of Supply: Level I ndi cator (0) Depends on None
Surface (river or Recorder (0) site. Cover
reservoir): extrene
I nt ake | evel s.
D version Structure | Fl ow Recorder (0) l1to 4 None
G oundwat er : Pressure I ndi cator (E) Oto 1, 5 None
Punp di schar ge times shutoff

pressure
Vel | Level I ndi cator (E) Static | evel None

to punp bow s
Punpi ng and Pressure I ndi cator (E) Oto 1, 5 None
Conveyance: times shutof f
Low Service punp pressure
di schar ge

V., /SO0T -M8aH -1 IN



7A

Tabl e 14 (Conti nued)

Metering, Instrunentation and Control Requirements
for Water Supply and Treat nment
Range of Controls
Type of Measur enent
Locati on and Type of | nstrunent and/ or
Use Measur enment Readout (¥ Readout | t em Regul at ed Type
Raw or treated | Fl ow Indicator (E) |1 to 4 Chem cal feeds, | Proportional
wat er pi peline Total i zer (E) di si nfection, aut omat i c(0)
Recorder (0) flow splitting
Coagul ation - Level I ndi cator (0) | Depth of None Aut omat i c( E)
Clarification: | pH I ndi cator (0) | basin Chem cal feeds
Settling Basin Recorder (0) 0to 14
units
Filtration: FI ow Indicator (E) |1 to 4 Filtration Rate | Automati c(E)
Filter Recorder (0) (2)
Ef f | uent Turbidity Indicator (0) |1 to 100 Time for Aut ormati c(E)
Recorder (0) backwash
pH I ndicator (0) [0 to 14 Cheni cal feed Aut omat i c(E)
Recorder (0) units
Filter Pressure Indicator (E) |1 to 3 Time for Manual ( E)
Headl oss differential | Recorder (0) backwash
Filter FI ow Indicator (E) |1 to 4 Backwash rate Manual ( E)
Backwash Recorder (S) Backwash rate Aut ormat i c(0)
Turbidity I ndicator (0) |1 to 100 and length Aut omat i c(0)
Sand Expansion | Level Indicator (S) |1to 1.5 Backwash rate Manual
Surface Wash Fl ow Indicator (S) |1 to 4 Surface wash Manual (E)

rate

V., /SO0T -MaaH -1 IN



9.

Tabl e 14 (Conti nued)

Metering, Instrunentation and Control Requirenents
for Water Supply and Treat nment
Range of Controls
Type of Measur enent
Location and Type of | nst runment and/ or
Use Measur enent Readout (¥ Readout |t em Regul at ed Type
Washwat er Level I ndi cator (E) | Depth of Washwat er Aut ormati c(E)
St orage Tank Recorder (S) Tank makeup
Chenmi cal FI ow Indicator (E) |1 to 4 Cheni cal feed Manual (E)
Sof t eni ng: Total i zer (E) Aut ormat i c(0)
Sof teni ng unit Recorder (0) Cheni cal feed
pH Indicator (E) |0 to 14 Manual ( 0)
Recorder (0) units Aut ormat i c(0)
Recar bonat i on pH Indicator (E) |0 to 14 Chem cal feed Manual ( 0)
uni t Recorder (0) units Aut ormat i c(0)
| on Exchange FI ow I ndicator (0) |1 to 4 Rate of flow Manual (E)
Sof t eni ng: Totalizer (E) | At least 2 t hrough uni t
I nfluent or times volune | Start of Manual ( E)
Ef fl uent |ine bet ween regeneration Aut ormat i c(0)
to each regeneration | cycle
exchange unit
Conductivity |Indicator (0) [1to 2 Start of Manual ( 0)
regeneration
cycle
Loss of Head Pressure Indicator (E) |1 to 3 Cl eani ng or Manual ( E)
di fferential repl acenent of
bed materi al
Regener ati on Level I ndi cator (E) | Depth of Suppl y of Manual (E)
Tank regeneration

V. /SO00T -MaaH -1 IN
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Tabl e 14 (Conti nued)

Metering, Instrunentation and Control Requirenents
for Water Supply and Treat nment
Range of Controls
Type of Measur enent
Location and Type of | nst runment and/ or

Use Measur enent Readout (¥ Readout |t em Regul at ed Type

System FI ow Indicator (E) |1 to 4 Rat e of Manual ( E)
regeneration
Aer ati on: Level I ndi cator (E) | Depth of I nfluent flow Manual (E)
Aer at or Sunp Sunp Aut ormat i c(0)
Di sinfection & | Fl ow I ndicator (E) |1 to 10 Rat e of Manual (E)
Fl uori dati on: appl i cation? Proporti onal
Chl ori ne, Aut ormat i c(0)
hypochl orite, Resi dual Indicator (E) |1 to 10 Rat e of Proporti onal
or fluoride Recorder (S) appl i cati on? Aut ormat i c(0)
sol ution
Treatnment Unit | Fl ow Indicator (E) |1 to 4
Ef f1 uent Total i zer (E)
Recorder (0)
Qzonat i on: FI ow I ndicator (E) |1 to 10 Manual (E)
Qzoni zed Air Aut ormat i c(0)
Air and Water Pressure Indicator (E) |1 to 1.5 Air and water Manual (E)
Qper at ed tinmes feed
Supply shut of f
pressure

Air Inlet and Tenperat ure Indicator (E) | 0 to 120 Manual ( E)

V. /SO0T -MaaH -1 IN
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Tabl e 14 (Conti nued)

Metering, Instrunentation and Control Requirenents
for Water Supply and Treat nment
Range of Controls
Type of Measur enent
Location and Type of | nst runment and/ or
Use Measur enent Readout (¥ Readout |t em Regul at ed Type
Qut | et of degrees F
Desi ccators
Air |eaving Hum dity Indicator (E) |0 to 100% Hum dity of air | Automati c(E)
Desi ccators feed
Tr eat ed Resi dual I ndicator (0) |1 to 10 Rat e of ozone Proporti onal
Ef f | uent Recorder (9S) application Aut omat i c(0)
Ozone Vol t age Indicator (E) |0 to 100% Manual ( E)
Producti on Aut omat i c(0)
Clearwell: FI ow Indicator (0) |1 to 4 Post di si nf ec- Manual (E)
I nfl uent Line tion and Aut omat i c(0)
fluoridation
d earwel | Level I ndi cator (E) | Depth of Raw wat er Manual ( E)
Basi n Recorder (0) Basi n suppl y Aut ormat i c(0)
pH Indicator (E) |0 to 14 Chem cal feed Manual ( E)
Recorder (0) units Aut omat i c(0)
Di stribution: FI ow Indicator (E) |1 to 4 None Aut ormati c(E)
Boost er Punps Recorder (0)
Pressure I ndicator (E) |0 to 1.5 Boost er punps
times
shut of f

pressure

V. /SO0T -MaaH -1 N
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Tabl e 14 (Conti nued)

Metering, Instrunentation and Control Requirenents
for Water Supply and Treat nment
Range of Controls
Type of Measur enent
Location and Type of | nst runment and/ or
Use Measur enent Readout (¥ Readout |t em Regul at ed Type
El evat ed Tank Level or I ndi cator (E) | Depth of Di stribution Manual (E)
pressure Recorder (S) Tank punp Aut omat i c(0®
Tenper at ure None 0 to 120 Tank heat er Aut omat i c( E*
degrees F
Servi ce FI ow Totalizer (E) | Six nonths’ None Aut omati c(E)
Connecti ons fl ow vol une
M scel | aneous: | Level I ndicator (0) | Depth of Punp on/ of f Manual (E)
Vet Wl for wel |
Punps
Raw wat er, Tenper at ure I ndicator (0) | -40 to 120 None
filters, degrees F
chem ca
di ssol vi ng
t anks,
at nosphere
Punp Di scharge | Pressure Indicator (E) |0 to 1.5 None
Li nes tinmes
shut of f
pressure
Chl ori ne Wi ght Indicator (E) |3 times full | None Aut omat i c( E)
St orage and cont ai ner
Feed Roons Gas Conc. None wei ght Conc. alarm

V. /SO00T -MaaH -1 IN
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Tabl e 14 (Conti nued)
Metering, Instrunentation and Control Requirenents

for Water Supply and Treat nment

Range of Controls
Type of Measur enent
Location and Type of | nst runment and/ or
Use Measur enent Readout (¥ Readout |t em Regul at ed Type
1 Synbol s
E= Essential. Itens described are required wherever particular applications
occur.
0= Optional. These itens nay be required (choice of designer)

S- Special Cases. This refers to itens sonetines used in large installations.
These are applied only when circunstances justify their use.

2 Measurement devi ce may be integral with feeder or controller

3 Use automatic if readout is unattended.

* For freezing climtes only.

V., /SO00T -MaaH -1 IN
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Tabl e 15

Types of Measuring Devices Applicable to Water Treatnent Plants

Pri mary Measurenent Use Exanpl es Gener al Capacity Range
and Type of Device
Open Channel Fl ow: Accuracy is dependent on
pi pi ng configuration.
Consul t vendor data on
speci fic devi ce.
Fl ume (Parshall or Pl ant influent, | Suspended nmatter does not |10 gal/mn |75:1
Pal mer - Bowl us) bypass |i nes. hi nder operation. More and up
costly than weir.
Vi r Plant influent, |Requires free fall for 0.5 100: 1
plant effluent. | discharge and greater gal/mn and up
headl oss than fl une. and up
Influent weirs may plug.
Pressure Pipeline Filled Iines. I mpul se Iines may clog if
Fl ow: Fl ui ds under used with suspended
Dfferenti al positive head matter. Consi der
Producers at all tines. automatic purging if
devi ce nust be used in
suspended natter.
Venturi Tube or Most fluid Long laying |length 5 gal/mn 10: 1
fl ow tube i nes where required. Costly in and up for
solids build up |large pipe sizes. [iquid; 20

and scale w |l
not be a
pr obl em

ft% mn and
up for gas

V., /SO0T -M8aH -1 IN
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Tabl e 15( Conti nued)
Types of Measuring Devices Applicable to Water Treatnent Plants

Primary Measurenent Use Exanpl es Gener al Capacity Range
and Type of Device
Oifice Plate Air and Clean fluids only. 0.5 gal/mn 4:1
gasol i nes, Headl oss greater and up for
wat er except than fl ow tubes. liquid; 5
filter ft3mn and up
ef fl uent. for gas
FI ow Nozzl e Wt er except Cl ean fluids only. 5 gal/mnand |5:1
filter up for liquid;
ef fl uent . 20 ft3/ mn and
up for gas
Average Pitot Tube Water, air, Clean fluids only. Det er m ned by 3:1
gas. pi pe si zes.
Di spl acenent Meters | Pl ant water and | Different types 0.1 to 9,000 10: 1
di stribution avail able. Maxinmum |[gal/mn for
system service |flow vol une liquid; O to
connecti ons. somewhat |imted. 100, 000
Pl ant May be in ft3mn for
gasol i nes, conjunction with gas
sl udge chem cal feed punp.
gasol i nes. Clean fluids only.
Chem cal
addition lines.
Sand Expansi on: Gavity filter. Unlimted 20:1

Fl oat

V., /SO0T -M8aH -1 IN
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Tabl e 15( Conti nued)
Types of Measuring Devices Applicable to Water Treatnent Plants

Pri mary Measurenent Use Exanpl es Gener al Capacity Range
and Type of Device
Wi ght : Chem cal feed Wei ghi ng devi ces ltounlimted |12:1
Scal es and storage may be integral to

equi prent , gravimetric

sl udge cake f eeders.

conveyor.
Gas Concentration: Chl ori ne roonms. 0 to 100% 12:1
Concentration
i ndi cator or alarm
Ti me: Mot or s 0 to 10,000 hp | 100, 000
El apsed Time Meter requiring 1
(ETM periodic

service, notors

drivi ng

princi pal

punps.
Revol uti ons: Positive May be used for 0 to 100 100M 1
Count er di spl acenent primary netering of [mllion

sl udge punps. sl udge fl ow.
El ectric Power Use: | Plant power. Public Uility may Unlimted 10, 000:
Watt - hour neter have governing 1

requi renents.

Differential Bat ch and Specific gravity Unlimted 20: 1
Pressure chem cal tanks. [ should be fairly

constant. Build-up
may be a probl em

V. /S00T -MaaH -1 IN
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Tabl e 15( Conti nued)
Types of Measuring Devices Applicable to Water Treatnent Plants

Pri mary Measurenent Use Exanpl es Gener al Capacity Range
and Type of Device
Bubbl e Tube Wat er supply Requires air supply [Depth limted 10: 1
wel | s. for automati c. by air
Manual (hand punp pressure if
type) avail able for |automatic.
i ndi cation only.
Pressure: Punp di scharge, | Seal s or di aphragns | Vacuum to 10: 1
Pressure Gauge transm ssi on may be required to 1, 500 | b/ i n%g
mai ns, el evated | prevent corrosion
t anks. or pluggi ng of
pressure inpul se
connecti ons.
Loss of Head Gauge Gavity Unlimted 3:1
filters.
Tenper at ur es: Pl ant infl uent, -80 to 1000 10: 1
Ther nonet er or clear-wel |, degrees F

resi stance t hermal
devi ce

at nosphere.

Anal yti cal
I nstrunents:
pH

Pl ant i nfl uent
or effluent
precipitator,
neutralization
oxi dation or
reduction
processes

0 to 14 units

V., /SO0T -MaaH -1 IN
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Tabl e 15( Conti nued)
Types of Measuring Devices Applicable to Water Treatnent Plants

Pri mary Measurenent Use Exanpl es Gener al Capacity Range
and Type of Device
Oxi dation Reduction | Precipitator, May al so be used -400nV to
Pot ential (ORP) oxi dati on or for free residual 400nv 1!
reduction chl ori ne.
processes.
Turbidity Filter 0 to 1,000 NTU
i nfluent/efflue
nt. Settling
basi ng
ef fl uent.
Resi dual Chl ori ne, Treat nent unit 0to 2 ng/L 1
Resi dual QOzone ef fl uent.
Specific lon Treat nent unit 0to2ng/L!?
El ect r odes ef fl uent.

1 - Depends on actua

ef fluent requirenents.

V., /SO0T -M8aH -1 IN
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Section 7: DI STRI BUTI ON AND TRANSM SSI ON

7.1 Di stribution

7.1.1 System Pl anni ng. Basic data on design requirenents
for the distribution systemare as follows: refer to AWWA
Manual M2, Distribution Network Analysis for Water Utilities
and AWM Manual M1, Distribution System Requirenents for Fire
Protection, for additional detailed information.

7.1.1.1 I nformation Required. For planning distribution
systens, secure the follow ng information:

a) Topographic Map of Area Served. Secure all data
on present and planned streets, elevations of ground |evel, and
all control features of area.

b) UWilities. Secure data on sewers and drains, gas
and petroleumoils and lubricants (POL) |ines, steamlines,
underground el ectric cables, and buried tactical and
conmuni cation facilities.

c) Quantity Requirenments. Secure gpmdata at various
poi nt s.

d) Pressure Requirenents. Secure psi data at various
poi nts.

7.1.1.2 Desi gn. Areas on high ground or with high pressure
requi renents should have a separate high service system

Provi de for maintaining pressures with punpi ng, backed by

el evat ed storage where possible. Mins should be designed for
t he maxi num daily demand plus reserve capacity. Demand

proj ections should be based on not |ess than 20 years in the
future, with 50 years being preferable. Arterial mains should
forma | oop when possi bl e.

a) Storage Reservoirs. Refer to Section 8 for
reservoir criteria.

b) Valve System Provide shutoff valves to
sectionalize the system According to Recommended Standards for
Wat er Works, valves should be |located at no nore than 500 feet
intervals in cormercial districts and at not nore than 800 foot
intervals for other districts. Were systens serve wdely
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scattered custoners, and future devel opnent is not expected, the
val ve spaci ng should not exceed one nile.

(1) Lay out sections so that nost of the design
flow can be maintained if any one section is cut out of the
system Refer to ML-HDBK- 1008C for fire flow requirenents.

(2) Place valves in each branch at the point of
connection to an arterial main.

(3) At intersections, valves should be provided
at all branches.

c) Fire Hydrant Location. Refer to M L-HDBK-1008C
and Constructi on and Recommended Standards for Water Works, 1997
edi tion.

7.1.2 Si ze of Mains. Conpute quantity requirenents in
accordance with Section 2.

7.1.2.1 Pressure Requirenents Ashore

a) Fl ow ng water pressure should not be | ess than 20
psi, higher pressures are required for ship berthing and drydock
facilities in accordance with M L-HDBK-1025 and M L- HDBK- 1029
seri es.

b) Resi dual pressure should neet the requirenments of
automatic fire extinguishing systens while providing 50 percent
of the average donestic and industrial flows, and the fire flow
(Refer to M L-HDBK-1008C.)

7.1.2.2 Conput ati ons. Analyze extensive systens using the
Har dy- Cross net hod of successive approxi mations. Conputer
sof tware such as H,ONET, EPANET and Cybernet shoul d be used.

7.1.3 Materials of Construction. Refer to AWM nanual s and
standards for detailed information on pipeline materi al
information. Listed below are AWM manual s and standards for
detailed i nformation.

AWM Manual s

\Y¢] Concrete Pressure Pipe

ML1 Steel Pipe - A Guide for Design and Installation
M23 PVC Pipe - Design and Installation
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M L- HDBK- 1005/ 7A

Ext ernal Corrosion
Ductile Iron Pipe and Fittings
Fi ber gl ass Pi pe Design

AWM St andar ds

Sel ecti on Factors.

C104/ A421. 4

C151/ A21. 51

C200

C205

C210

C300

G301

G302

C304

C900

C906

C950

a)
b)
c)

d)

Cement Mortar Lining For Ductile-
lron Pipe and Fittings for Water
Ductile Iron Pipe, Centrifugally
Cast, For Water

Steel Water Pipe - 6 in. And

Lar ger

Cenment - Mortar Protective Lining
and Coating for Steel Water Pipes
4" and | arger.

Li qui d- Epoxy Coating for the
Interior and Exterior of Steel

Wat er Pi pelines.

Rei nforced Concrete Pressure Pipe,
St eel - Cyli nder Type

Prestressed Concrete Pressured

Pi pe, Steel-Cylinder Type for
Wat er and Ot her Liquids

Rei nforced Concrete Pressure Pipe,
Non-cyl i nder Type

Desi gn of Prestressed Concrete
Cyl i nder Pipe

Pol yvi nyl Chloride (PVC) Pressure
Pi pe and Fabricated Fittings, 4
in. Through 12 in., for Water

Di stribution

Pol yet hyl ene (PE) Pressure Pipe
and Fittings, 4-in Through 63 in.
for Water Distribution

Fi ber gl ass Pressure Pipe

Consi der the follow ng factors:

Resi st ance to corrosion.

Strength agai nst both internal and external | oads.

Hydraul i ¢ characteristics.

Installation and field conditions.
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e) Econom c consi derations.

f) Ease of maintenance.

g) Ease of nmeking taps and connecti ons.
7.1.3.2 Corrosion Protection. Refer to M L-HDBK-1004/10,
El ectrical Engi neering Cathodic Protection and AWM M7,

External Corrosion, for nmethods to be used in corrosion
prot ection.

7.1.3.3 Mai nt enance of Low Friction. Refer to par. 7.2 for
gui dance on nai ntenance of low friction.

7.1.3.4 Structural Requirenents. Refer to AWM standards as
stated in par. 7.1.3. for nethods of determ ning and specifying
pi pe wall thickness for each pipe material and for other
information pertaining to strength of pipe.

7.1.4 Installation. Recommended Standards For Water Wrks
Heal t h Educati on Services, 1997 edition, provides infornmation
regarding installation requirenments. The requirenents consider
the followi ng factors:

a) Mins should be clear of all structures, adjacent
to and parallel to streets, and where possible out of roadways.

b) Mains should be in an allocated higher part of
street rights-of-way, to sinplify separation from sewers and
gr oundwat er .

c) Miins should be laid in trenches separate from
sewer |ines, and above and at |east 10 ft away from near by
sewers; preferably on the opposite side of the street.

d) Were a sanitary sewer crosses over a main, it
must be in pressure pipe or encased in at least 8 in. of
concrete for 10 ft on both sides. Provide a m ninumverti cal
di stance of 18 in. between the outside of the water main and the
out si de of the sewer.

e) Avoid laying mains in water or in trenches subject
to flooding during construction.
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f) Provide netallic tracer tape or wire over
nonnmetal lic |ines.

g) Pipes suspended above ground or on structural
supports shoul d be anchored to withstand thrust, seismc, w nd
vel ocities and other forces as specified in M L-HDBK-1002 series
dealing with | oads.

7.1.5 Joints

7.1.5.1 Ductile Iron Pipe Joints. As specified in AWM

C110/ A21.10, Ductile Iron and G ay-lron Fittings, and AWM

Cl111/ A21. 11, Rubber Gasket joints for Ductile Iron Pressure Pipe
and Fittings, with the foll ow ng recomrendati ons:

a) The push-on joint is reconmended for general use.

b) The nmechanical joint should be used in soft soils
where settlenent is anticipated, or where flexibility is
required, for seismc design.

c) The ball joint nmay be used for river crossings and
other installations requiring |large joint deflections.

d) Flanged joints should be used where val ves,
fittings, and accessories are to be attached to pipes, in
vaults, pits, and above ground | ocations where rigidity is
required.

e) Sl eeve-type nechani cal couplings are useful where
greater deflection is needed, where alignnent problens may
arise, and for connecting cast iron pipe to other pipe
mat eri al s.

f) Clanp-type mechanical couplings are allowed as an
optional jointing nethod to flanged joints except on punp
suction lines; the pipe nust be grooved or shoul dered to accept
this coupling.

g) Wiere the line nust be maintained as an el ectrical
conductor for cathodic protection use a cable bond conductor on
bot h push-on-joints and nechanical joint pie. For electrical
t hawi ng use serrated silicon bronze wedges for push-on-joints.
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7.1.5.2 Concrete Pipe Joints. Concrete pipe joints should be
desi gned as specified in AWM standards. The foll ow ng AWM
standards are for concrete pipe:

C300 Rei nforced Concrete Pressure Pipe, Steel-Cylinder
Type

C301 Prestressed Concrete Pressure Pipe, Steel-
Cylinder Type, for Water and O her Liquids

C302 Rei nf orced Concrete Pressure Pipe, Non-Cylinder
Type

C303 Concrete Pressure Pipe, Bar-Wapped, Steel-

Cylinder Type

7.1.5.3 Steel Pipe Joints. Steel pipe joints should be
sel ected as specified in the foll ow ng AWM st andar ds:

C200 Steel Water Pipe - 6 in. and Larger

C206 Field Welding of Steel Water Pipe

C207 Steel Pipe Flanges for Waterworks Service - Sizes
4 in. Through 144 in.

C219 Bol ted, Sl eeve-Type Couplings for Plain-End Pipe

C221 Fabricated Steel Mechanical Slip-Type Expansion
Joints

AWM C200 provides general information regarding pipe joints.

a) Rubber-gasketed joints and sl eeve-type nechani ca
couplings are recommended for general use. The couplings are
useful for the same purposes as listed for cast iron pipe.

b) Wlded joints may be used on pipes which have no
i nside coating and for pipes with inside dianeter greater than
24 in. with inside coating, where the inside is accessible and
the joints are lined after wel ding.

c) Flanged joints and cl anp-type nechani cal
couplings. Sanme as for cast iron pipe.

d) Expansion joints of the stuffing box type should

be used at appropriate intervals on pipe with welded joints to
relieve strains, especially for exposed pipe.
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e) \Wiere a line nust be maintained as an el ectrica
conductor for cathodic protection, use bonding cables and | ugs.

7.1.5. 4 Pol yvinyl Chloride (PVQ Joints. PVC joints should be
sel ected as specified in AWM C905, Polyvinyl Chloride (PVQ

Wat er Transm ssion Pipe and Fabricated Fittings, 14 in. Through
36 in. For Water Transm ssion and Distribution and AWM C907,

Pol yvinyl Chloride (PVC Pressure Fittings for Water 4 in.
Through 8 in.

7.1.5.5 FRP- TR Joints. AWM C950 standards should be foll owed
in selecting FRP-TR Joints.

7.1.5.6 Pol yet hyl ene Joints. AWM C906 standards shoul d be
f ol | owed.

7.1.6 Trenches, Backfill, Anchors, and Supports. Foll ow
AWM C600, Installation of Ductile-lIron Water Mains and Their
Appurtenances, or AWM C605, Underground Installation of

Pol yvi nyl Chl oride (PVC) Pressure Pipe, when considering
trenches, backfill anchors, and supports.

7.1.6.1 Trench Conditions. Trench bottons in stiff materia
should be cut 6 in. below pipe inverts for nom nal pipe sizes 24
in. or smaller and 9 in. below pipe inverts for nom nal pipe
sizes 30 in. and larger to provide proper bedding. (Refer to
AWM C600 and AWM C605.)

7.1.6.2 Beddi ng. No pipe should rest directly on rocks or

boul ders. Except as provided in the follow ng statenent, al

pi pes shoul d be uniformy supported throughout their |engths on
a conpacted base using firmtrench soil or granular materials.
Ful | -1 ength crushed stone or gravel bedding may support the pipe
where soils are soft and set. Were the ground has i nadequate
beari ng val ue, provide pipe supports and stringers. Bedding
material or a select backfill material should be installed from
the spring line of the pipe to a mninmumof 6 in. over the pipe.

7.1.6.3 Supports. Exposed pi pe should be supported either on
saddl es or by hangers. Supports should be spaced to limt

defl ection of steel pipe to a nmaxi numof 1/360 of the span, and
to prevent over stressing any joints.

7.1.6.4 Anchorage. Anchorages should al so be provided as
requi red to acconmodat e expansi on due to tenperature rise.
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Anchor ages shoul d be provided for buried or exposed pi pe at al
bends, as required to resist vertical or horizontal thrust.

Refer to AWM C600, Installation of Ductile-Iron Water Mins and
Thei r Appurtenances; and AWM C605, Underground Installation of
Pol yvinyl Chloride (PVC) Pressure Pipe Fittings for Water for
standard bl ocki ng.

7.1.7 Rai l road Crossings. Mains to be laid near railroads
shoul d be designed to withstand the dynam c | oads and vi brations
caused by trains. Place the mains in a |larger sized conduit, to
reduce the vibration effects of noving trains. Refer to
American Railway Engi neering Association (AREA), Mnual for
Rai | way Engi neering, Volumes | and I1.

7.1.8 Stream Crossi ngs. Werever possible, underwater nains
shoul d be buried in the stream beds for protection agai nst
freezing and di sturbance by currents, ice, floating debris, ship
anchors, and dredging. Consider multiple crossings when a high
degree of reliability is required. The follow ng conditions are
recomended:

a) Al joints should be watertight. Use flexible
ball joints with rigid pipe materials or flexible plastic pipe.

b) Provide shutoff valves at each end, so that the
mai ns may be isolated during testing and repairing.

c) Provide flushing facilities.

d) Because of inaccessibility, make special provision
for corrosion control.

7.1.9 Val ves. Refer to pars. 7.2 and 7.4 which recommend
air, vacuum and blowoff valves to be used. WMake any necessary
provision to rel ease trapped air, break vacuuns, and permt main
f I ushi ng.

7.1.10 Testing. Refer to AWM Standards C600 series, for
testing requirenments for each type of pipe material. For

di sinfection testing requirenents refer to AWM C651,

Di si nfecting Water Mai ns.

7.2 Transm ssi on
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7.2.1 Location of Transmission Line. Transm ssion |ines
convey water fromthe source to the treatnent plant or to the
distribution system This water nay be treated or untreated,
depending on the |ocation of the treatnent plant. Routes should
be sel ected, consistent with econonm c considerations, to neet
the foll ow ng desirable characteristics:

a) It should use a gravity line, if head is
avai | abl e.

b) It should be the shortest route fromthe point of
intake to point of delivery.

c) It should bypass rough or extrenmely difficult
terrain and be accessible for construction and repairs.

d) It should be below the hydraulic grade |line but as
close to it as practicabl e.

e) It should avoid dangers of |andslides and fl ood

wat er s.
7.2.2 Types. In designing transm ssion |ines, note the
fol | owi ng:

a) Avoid punping if feasible, and thus reduce
pressures on the line, as well as costs.

b) Punping facilities may sonetines be planned for a
transm ssion storage |ocation rather than at the source.

7.2.2.1 Pipelines. Gavity or pressure pipelines should be
used for transm ssion except when special circunstances justify
the use of aqueducts or tunnels.

7.2.2.2 Aqueducts. Aqueducts or canals under no pressure, nmay
be used to convey |arge fl ows when the construction is
economcally justified. They are used only for very | arge works
or under special circunstances.

7.2.2.3 Tunnels. A tunnel of the gravity or pressure type
shoul d be used to convey water underground, under either of the
foll owi ng conditions:

a) Were there is no other alternative route.

94



M L- HDBK- 1005/ 7A

b) Were its construction is economcally justified.

7.2.3 Capacity. Provide sufficient transmssion |ine
capacity to neet the follow ng requirenents.

a) Per manent Install ation.

(1) Donestic and General Uses. Plan for the
maxi mum dai | y demand plus reserve capacity for the estinmated
| oad not I ess than 20 years in the future, unless this growh
factor has al ready been used in conputing the maxi numdaily
demand. Evaluate effect of |ong detention tinme on decay of
chl ori ne residual

(2) Essential to Defense. The basis of design
shoul d be the maxi nrum daily demand plus reserve capacity for the
estimated | oad 20 to 40 years in the future.

b) Tenporary Installations. Use the maxi numdaily
demand plus a reasonabl e reserve capacity for the expected life
of the installation.

7.2.3.1 Design Velocity. Velocities above 5 ft per second
shoul d not be used because of high friction | osses. Were

excess head is available, limt the velocities as foll ows:
TYPE OF STRUCTURE MAXI MUM VELOCI TY (f ps)
Unl i ned tunnel s 12
Pi pe:
Cenent-lined concrete 15
Steel and ductile iron 15

7.2.3.2 Size. Determne the hydraulic details from cost
studi es. Allowance should be provided for the | oss of carrying
capacity during the expected service life.

7.2.3.3 Arrangenents. \Where there is only one nmajor source of
supply, and little or no transm ssion storage, nultiple conduits
shoul d be provi ded, whenever possible, so that delivery of water
need not be interrupted during repairs. |If feasible, the
conduits should be arranged to enter the Mlitary activity from
opposite directions.
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7.2.4 Materials of Construction. Refer to paragraph 7.1.3.

7.2.4.1 Sel ection Factors. Consider the follow ng factors.

a) Resi stance to corrosion

b) Strength agai nst both internal and external | oads

c) Hydraul ic characteristics

d) Installation and field conditions

e) Econom ¢ consi derati ons
7.2.4.2 Tunnels. A thorough geol ogic investigation should be
undertaken in the design stage of a rock tunnel. It should be
lined if needed to attain carrying capacity. Gout the rock
seans as needed to reduce or prevent |eakage. Expert gui dance
shoul d be sought in the design and construction.
7.2.4.3 Corrosion Protection. Provide adequate internal and

external protection to ensure the necessary life of the line
(refer to par. 7.3).

7.2.4. 4 Preserving Low Hydraulic Friction. The follow ng
factors tend to | ower the hydraulic efficiency:

a) Tubercul ation. Pipes subjected to tubercul ation
shoul d be provided with protective |ining.

b) Slime Formation. Provide control of slime by
chem cal treatnment at the intake of the line. |If attributable
t o manganese or iron, provide for renoving these substances
before the water is transmtted.

c) Encrustations. Provide for adjusting the
chemi cal stability of the water as required to prevent excessive
deposition in the |ine.

7.2.4.5 Structural Requirenents. Refer to par. 7.1 for
structural criteria. Al steel pipe should be designed in
accordance with AWM Standard C200, Steel Water Pipe - 6 in. and

Lar ger.
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7.2.5 Pipe Installation. Except in special cases, all pipes
shoul d be buried with a m ninumcover of 2.5 ft. \Were frost
penetration exceeds 2.5 ft, as indicated on National Wather
Service charts, the depth of cover should be increased to 6 in.
bel ow t he maxi num recorded depth of frost penetrati on based on

| ocal records in the area of installation. See Figure 1 for
generalized frost infornmation.

7.2.5.1 Exposed Pipe. Exposed pipe may be placed on bridges
or piers for crossing streans or ravines. Exposed nonnetallic
pi pe may be used only in clinmates not subject to freezing.
Exposed cast iron or steel pipe subjected to freezing should be
i nsul ated or protected.

7.2.5.2 | nspection. All large conduits should be accessible
for internal inspection.

a) Joints. Refer to par. 7.1 for recomended
joints.

b) Trenches, Backfill, Anchors, and Supports. Refer
to par. 7.1 for criteria related to trenches, backfill, anchors,
and supports.

c) Rai l road Crossings. Refer to par. 7.1 for
criteria for railroad crossings.

d) River Crossings. Refer to par. 7.1 for criteria
for river crossings.

e) Val ves. Refer to par. 7.4 for detail ed
information on val ve types, applications and characteristics.
The fol l owi ng paragraphs pertain to transm ssion |ine val ves.

(1) Provide air rel ease valves as required based
on an analysis of the system For flexible pipe which m ght
col | apse under a vacuum place vacuum val ves as necessary, based
on an analysis of the system also adjacent to each shutoff
val ve on the downstream side. An active building service
connection at a summt may serve as an air rel ease val ve.

(2) Provide a blowff at each depression for

draining the pipe. The m ninum size of bl owoff val ves should be
2 in. for every foot of dianmeter of the pipeline.
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(3) Shutoff valves should be installed at
reasonabl e | ocations to allow isolation of any particul ar
section during repair and testing. The spacing should not
exceed 5,000 ft on long lines and 1,500 ft on | oops.

(4) Check any danger of water hammer on | ong

I ines, and provide special valving to reduce it. Refer to par.
5.4.8 for further information regarding surge prevention.
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7.2.6 Testing. Al new or repair pipes should undergo a
hydrostati c pressure test before being put into service. Each
pressure section should be isolated and pressure tested
according to AWM C600, Installation of Ductile-lron Water Mains
and Their Appurtenances. Each gravity and pressure section
shoul d be tested for | eakage. Leakage shoul d not exceed rates
specified in AWM standard for pipe naterial being tested.

7.2.7 Di sinfection. Refer to AWM C651, Disinfecting Water
Mains for criteria.

7.3 Corrosion Protection. Refer to AWM Manual M7,
External Corrosion - Introduction to Chem stry and Control, for

corrosion protection and M L-HDBK-1004/10, Electrical
Engi neeri ng Cat hodi ¢ Protection.

7.3.1 Met hods of Protection. Using corrosion resistant
material, bolts and connectors subject to corrosion should be
nore resistant in conposition than the main piping netal.
Install dielectric fittings between ferrous nmains and cuprous
bui | di ng servi ces.

7.3.2 Treatnent of Water. Refer to Section 6 for acceptable
met hods of treatnent.

7.4 Val ves and Hydrants

7.4.1 Val ves. See Table 16 for the availability of types of
val ves and their applications.

7.4.1.1 CGeneral Purpose Val ves

a) Gate Valves. Refer to the criteria for contro
val ves for distribution systens in M L-HDBK-1008C and AWM
Manual M4, Distribution Valves: Selection, Installation, Field
Testing, and Mai ntenance. Use valves conform ng to AWM
St andard C500, Metal -Seated Gate Val ves for Water Supply
Service; AWM Standard C509, Resilient-Seated Gate Val ves for
Wat er Supply Servi ce.

b) Butterfly Valves. Use the sane criteria as was
recommended for gate val ves; al so use AWM St andard C504,
Rubber - Seated Butterfly Val ves
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c) Sluice Gates. Use AWM Standard C501, Sluice
Gates, for guidance on sluice gates.

7.4.1.2 Speci al Purpose Valves. Consult nmanufacturers for
capacities and construction of the various types, to be used as
fol | ows:

a) Air Valves. Use air valves to release any air
collecting at high points in filling |ines.

b) Altitude Valves. Use altitude valves for supply
lines to el evated tanks or reservoirs. These valves are
actuated by the water level in the tanks or reservoirs, to close
when the tank is full and open when the | evel on the system
pressure lowers. Also refer to M L-HDBK-1008C

c) Fl oat Valves. Use float valves on supply |ines
to fill tanks or reservoirs and nmaintain their water | evels.

d) Plug Valves. Use for control of punping rates at
| ow vol une.

e) Pressure Regul ating Val ves. Use pressure
regul ating valves to deliver water froma high to a | ow pressure
syst em wherever the pressure downstream drops bel ow a preset
value. In addition, these valves can be fitted to open when
upstream pressure drops bel ow downstream pressure. Pressure
regul ati ng val ves on water distribution system should be |ocated
in accordance with M L-HDBK-1008C

f) Pressure Relief Valves. Use pressure relief
valves to relieve any pressure in tanks or pipelines above a
preset val ue.

g) Vacuum Val ves. Use vacuumvalves to admt air
into tanks or pipelines for relieving vacuuns i nduced by a break
or a rapid opening of valves.

7.4.2 Hydrants. Refer to criteria for hydrants for

di stribution systems in M L-HDBK-1008C and AWM Manual ML7,
Installation, Field Testing, and Mai ntenance of Fire Hydrants.
Use hydrants conform ng to AWM Standard C502, Dry-Barrel Fire
Hydrants; or to Underwiters Laboratories’ Standard UL 246,
Hydrants for Fire Protection Services.
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7.4.2.1 Installation. Follow installation requirenments in ML
HDBK- 1008C and AWM Manual ML7, Installation, Field Testing, and
Mai nt enance of Fire Hydrants.

7.4.2.2 Valve. A shutoff valve with a valve box should be
installed on the branch between the hydrant and the main.

Wher ever possi ble, provide a concrete collar around the branch
bet ween the val ve and the hydrant, to protect the valve in case
t he hydrant receives inpact danmage. The branch line to the
hydrant and the val ve should be 6-in. dianeter.

7.4.3 Appurtenances. Criteria regarding selection of
appurtenances are given bel ow

7.4.3.1 Operator Shutoff Valves and Gates. Use manual

direct, and geared type on all shutoff valves and gates for
normal operations. Use autonmatic type, either notorized,
hydraul i c, or pneumatic, above grade or housed, in the follow ng
applications:

a) Where the gates or shutoff valves are too |arge
for manual operation.

b) Where a specific rate is set for opening or
closing, to reduce surges in pipelines.

c) Where frequent operation is required (nmedium
si zed val ves).

d) Where required at large nulti-punp installations.

e) Where their installation is justified both
econonmi cally and functionally.

7.4.3.2 Val ve Boxes. Use valve boxes for small and nedi um
si zed under ground shut of f val ves.
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Tabl e 16

Application of Val ves

Type

Application

Remar ks

Check Val ves

Swi ng checks

Al'l horizontal
appl i cations

Refer to AWM C508.

Bal | checks

On reciprocating
punps

Smal | di aneter.

Vertical checks

Al'l verti cal
appl i cations

Refer to AWM C507

Cone checks

Surge relief

Requi res automatic
oper at or.

Cushi oned checks

Surge relief

Sl ow cl osi ng

Foot val ves

Prevents | oss of
prime in suction
i nes

Fl ap val ves

At pipe outlets

Shut of f Val ves

Gate val ves?

Al'l applications

Refer to AWM C500
and/ or AWM C509.

Butterfly val ves

Al'l applications

Largest size over
72 in. Refer to
AWM C504.
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Tabl e 16 (Conti nued)
Application of Val ves

Type Application Remar ks

Pl ug val ves, Al'l applications Sui t abl e for water

eccentric cont ai ni ng solids
and for three-way
val ves.

A obe val ves Al'l applications Smal | di aneter

Needl e val ves Al'l applications Smal | di aneter

Hydraul i c needl e Reservoir outlets Very | arge size

val ves

requiring hydraulic
operators

Mud val ves

Bott om drain
openi ng of basins

Gat es
Radi al gates Channel and -
reservoir outlets
Slide gates Channel and Low heads
reservoir outlets
Sl ui ce gates VWl | openi ngs Refer to AWM C501.
Shear gates VAl | openings (| ow Size up to 24 in.

head)

'Except for |ow pressure, service gate valves 16-20 in., and

| arger shoul d be equi pped wi th bypass.

and/ or AWM C509.

Refer to AWM C500

7.4.3.3

Val ve Vaul ts or

Manhol es.

| arge shutoff valves on transm ssion |ines,
and where accessibility for servicing is

di stribution systens,
required.
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7.5 Cross Connections and Backfl ow Preventi on Wth Non-
pot abl e Supplies. Refer to AWM Manual M4, Recommended
Practice for Backfl ow Preventi on and Cross- Connecti on Control .
For Air Force projects use AFl 32-1066.

7.5.1 Backfl ow Backfl ow of waste or contam nated water
into the distribution system due to back-si phonage or
backpressure shoul d be prevented.

7.5.1.1 Sources. Conditions under which backfl ow can occur
are given below Such conditions should not be permtted.

a) | mpr oper pl unmbi ng desi gns.
b) Direct connections wth nonpotable supplies.
(1) Inproper pipeline interconnections.

(2) Potable supply lIines subnmerged i n nonpotabl e
wat er .

(3) Direct connections of drains from sources
such as a fire hydrant or valve box to a stormor sanitary
sewer .

(4) I nproper connections by users.

c) | mproperly designed or constructed distribution
systens. These are systens within an area subject to flooding
or systens that may be too close to subsurface sources of
contam nation, such as septic tanks, drain fields, sewers, and
cesspools. Any | eakage conbined with | ower pressure in the
di stribution system can cause backsi phonage.

d) A backfl ow preventer installed in a | ocation
subj ect to subnergence.

7.5.1.2 Prot ecti on Agai nst Contam nati on

a) Design for the absol ute m ni num nunber of
i nt erconnecti ons.

b) Provi de siphon breakers in all plunbing systens.
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c) Provi de positive separations (air gaps) between
pot abl e water |ines and any units containing contam nated wat er,
such as hospital sterilizers, washing nmachi nes, and tanks of
dangerous i quids.

d) Provi de backfl ow preventing devices at all
i nt erconnections with nonpotable water |ines that cannot be
elimnated or protected by an air gap.

e) Provi de backfl ow preventing devices on irrigation
systens, refer to par. 7.7.

7.5.2 Backfl ow Preventers. Were it would be extrenely
difficult to provide an air gap between two systens, and where
back pressures are possible, a reduced pressure principle
backfl ow preventer can be used. |In lieu of air gaps, only
reduced pressure principal backflow preventers are acceptabl e.
Fol | ow reconmendati ons of the Manual of Cross-Connection Control
of the Foundation for Cross-Connection Control and Hydraulic
Research, University of Southern California, the criteria of
NAVFACI NST 11330. 11D, Backfl ow Preventers, Reduced Pressure
Principle Type AFl 32-1066 and, AWM Manual Ml4, Recomended
Practice for Backflow Prevention and Cross-Connection Control

7.5.3 Air Gaps. Use an air gap (between a supply pipe and
recei ving vessel) whenever possible on any potable water |ine

di scharging to any place where contam nation could occur. An
air gap renoves the physical Iink to a potential contam nation
source, and is preferred over backfl ow prevention devices, which
are subject to failure. Wen installed, the air gap should be
at least twice the dianeter of the supply pipe, but in no case

| ess than 6 in.

7.6 Servi ce Connecti ons

7.6.1 Pi ping. See Table 17 and AWM St andard C800,

Under ground Service Line Valves and Fittings, for piping
materials all owed and the advant ages and di sadvant ages of these
mat eri al s.

7.6.1.1 Sel ection Factors. Consider the following factors in
sel ecting service piping:

a) Durability.
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b) Type of water.
c) Avail ability.
d) Ease of installation and nmai ntenance.
e) Econom ¢ consi derati ons.
7.6.1.2 Structural Requirenents. Refer to AWM Standard C800,

Under ground Service Line Valves and Fittings, on structural
requi renents.

7.6.2 Appurtenances. Refer to AWM Standard C800,
Under ground Service Line Valves and Fittings for requirenents
concer ni ng appurtenances.

7.6.2.1 Cor poration Stops or Cocks. Install these stops at
all connections less than 2-in. dianeter to water nmains. Use
t appi ng saddl es and val ves for |arger connections.

7.6.2.2 Curb Stops or Cocks. Install curb stops, with valve
boxes, at the street line to shut off service lines. \Were
Iines may need draining, use the stop-and-waste type.

7.6.2.3 Goosenecks. Use a flexible gooseneck to connect
nonfl exi bl e service pipe to main.

7.6.2.4 Service Meters. Refer to AWM Manual M5, Water Meters
- Selection, Installation, Testing, and Mii ntenance. For warm
climate, install in a covered neter box away fromtraffic. For
cold climate, install indoors or in a frost proof enclosure.
Types as foll ows:

a) Di spl acenent. Use this type when the m ni num
flowis below 12 gpm Use a neter yoke for 1-in. and smaller
neters.

b) Conmpound. These neters are used where flow
ranges exceeding 10 to 1 are to be neasured.

c) Propel l er Type (Velocity). Use this type to
measure large flows where only a snall | oss of head is all owed.

d) Fire Flow Meter. Fire flow neters should be used
inlines carrying water for fire protection.
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Tabl e 17
Service Pipe Mterials?
Mat eri al Si zes Advant ages Di sadvant ages
Avai | abl e
Br ass Al'l standard | Corrosion Nonf | exi bl e. ?
si zes resi stant. Not suitabl e
Good hydraulic for soft water
characteristics. wi th high CO,
content.
Not suitabl e
i n presence of
seawat er.
Copper (pipe) All standard | Corrosion Nonf | exi bl e. !
Si zes resi stant. Not suitable
Good hydraulic for soft water
characteristics. |wth high CO
content.
Copper Al'l standard | Corrosion Not suitable
(tubi ng) Si zes resi stant. for soft water
Flexible in small [ wth high CO;
Si zes. cont ent .
Ease of

instal | ati on.
Good hydraulic
characteristics.

Ductile Iron

3in. And

| ar ger

Cor r osi on

resi stant.?

Good hydraulic
characteristics.?
Strong and

sui table for

| arge service

i nes.

Nonf | exi bl e. ?
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Tabl e 17 (Conti nued)

Service Pipe Mterials?

Mat eri al

Si
Avai

zes Advant ages
| abl e

Di sadvant ages

Gl vani zed
St eel

Al standard | Less expensi ve.

Si zes

Nonf | exi bl e. ?
Low corrosi on
resi st ance.

Pol yet hyl ene

Al'l standard | Long | ayi ng

si zes

| engt hs

Li ght wei ght
Hi gh | npact
Strength

Speci al

t ool i ng
required for
fusing joints.
Subj ect to
surface change
effected by

| ong term

ul tra-viol et
exposure.
Subject to
attack by
organi c

sol vents or
pet rol eum

Pol yvi nyl

chl ori de
(PVC)*

ABS pl astic
pi pe and
fiber-glass
rei nforced
pl astic pipe

Al'l standard | Corrosion

si zes

resistant.

Less expensi ve.
Ease of
install ati on.
Good hydraulic
characteristics.
Li ght wei ght .

Cannot be

t hawed

el ectrically.
Life

expect ancy may
be reduced by
const ant
exposure to
sunl i ght.
Exposed pi pe
requires
support.
Nonf | exi bl e. !
Sel ect ed
beddi ng may be
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Tabl e 17 (Conti nued)
Service Pipe Materials?

required.

'Non flexible pipe requires a flexible gooseneck at the
connection to main.

\Wen cenent-nortar |lined as required by AWM C104.
3Safe Drinking Water Act, Pub. L.93-533 as anended 1986.
“When PVC is in conpliance with 40 CFR Part 141.50.

7.6.2.5 St op-and-Waste Valve. Install this unit at the end of
service lines just inside the building wall.

7.6.2.6 Sei sm ¢ Zones. Provide an earthquake valve in a pit
on water service lines to buildings as called for in US Arny
Tl -809-04, Triservice Engi neering Manual for Seism c Design of

Bui | di ngs.

7.6.3 Installations. Refer to AWM St andard C3800,

Under ground Service Line Valves and Fittings, and AWM Mnual
M6, Water Meters - Selection, Installation, Testing, and

Mai nt enance, for installation requirenments. All connections
shoul d be at least 10 ft away from any subsurface source
cont am nati on

7.7 Irrigation Systens. |Irrigation systens should be
desi gned usi ng accepted commerci al standards for the region
where the systemw || be constructed.

7.7.1 Sanitary Protection. To protect a potable system from
contam nation by an irrigation system conply with the foll ow ng
criteria.

7.7.1.1 Backfl ow Prevention. Provide a pressure type vacuum
breaker or a reduced pressure type backfl ow preventer at each
poi nt where an underground sprinkler systemis connected to a
pot abl e water supply. A pressure type vacuum breaker is
adequate when it is |ocated aboveground, higher than the hi ghest
sprinkler head and its elevation is above that which may be

fl ooded. Oherwi se a reduced pressure backflow preventer is
required. Delete this requirenment when the systemis connected
to a nonpotabl e water supply system
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7.7.1.2 Buried Sprinklers. Sprinkler heads buried in the
ground and flush type heads are prohibited, except where a
separate nonpot abl e water systemis being used.

7.7.1.3 Sprinklers Wth Risers. Fixed or automatic "pop up"
risers are permtted.

7.8 Meter Vaults and Boxes

7.8.1 Meter Vaults. Vaults should be easily accessibl e but
away fromnormal traffic.

7.8.1.1 Construction. Were necessary, watertight structures
shoul d be used.

a) Smal | Vaults. Use concrete blocks, brick, or
rei nforced concrete structures.

b) Large Vaults. Use reinforced concrete
structures.

7.8.1.2 Access. Vaults should be | ocked where necessary to
protect agai nst unauthorized intrusion.

7.8.2 Boxes. Wierever possible, place neter boxes away from
normal traffic.

7.8.2.1 Construction Boxes. Construction boxes may be made of
sections of clay or concrete pipe, or precast concrete or cast
iron.

7.8.2.2 Covers. Box covers should be cast iron or alum num
with a | ocking device.

7.8.2.3 Conbi nations. In nonfreezing climates, it is
perm ssi ble to use aboveground cast iron conbi nati on neter boxes
and neter yokes.
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Section 8: STORAGE
8.1 Functi on

8.1.1 Ceneral . Werever feasible, design storage to provide
flow through circulation, with conpartnents.

8.1.2 Purpose. Storage reservoirs serve the follow ng
pur poses:

a) To all ow a bal anced fl ow t hrough pi pelines
bet ween the source and the treatnent plant or distribution
system

b) To supply water during peak demand peri ods.

c) To maintain pressure in the distribution system

d) To supply water during power outage or repair of
punps.

e) To provide an energency supply for fire
pr ot ecti on.

8.1.3 Site Consi derations

a) Hydraul i c anal ysi s should be used to determ ne
t he best storage reservoir |ocations for each systemto ensure
flow, pressure & water quality.

b) In medium and | arge distribution systens, storage
reservoirs are generally | ocated near centers of heavy demand.

8.2 Types of Storage

8.2.1 G ound Storage Tanks. Use these tanks where the
t opography permts in lieu of the nore expensive el evated tanks,
or where required by the follow ng conditions:

8.2.1.1 Size Limtation. Were requirenents are very |arge
and costs of elevated storage run unusually high, part of the
di stribution storage may be provided as ground-|evel storage.
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8.2.1.2 Height Limtation. Were the height of elevated tanks
requi red by the operating pressure becones an avi ation hazard,
use ground storage tanks.

8.2.1.3 Transmi ssion Line Storage. Use ground storage in
conjunction with long transmssion lines, to aid in neeting peak
demands.

8.2.2 El evated Tanks. Use elevated tanks to store water at
the elevation required to nmai ntain proper operating pressure and
to allow gravity discharge fromthe tank into the distribution
system Standard capacities for welded steel tanks are given in
AWM St andard D100, Wel ded Steel Tanks for Water Storage. In
nost cases the cost of elevated tanks limts their maxi num
practical size to between 1 and 2 mlIlion gallons.

8.2.3 Under ground Storage Tanks. Use this type of storage
as required by the foll ow ng conditions:

a) Wher e econony of construction results.
b) Where protection against freezing is required.

c) Where the area above the ground is to be utilized
ot her wi se.

d) Where the hydraulic grade at a tank site requires
the tank to be bel ow grade.

e) Where protection agai nst sabotage and destruction
war r ant conceal ment.

8.2.4 Hydr opneumati ¢ Tanks. Use Hydro pneunatic tanks at
smal |l activities where the demand is not enough to justify any
ot her type of storage. Protect the tank fromfreezing. Design
the tank to neet pressure vessel requirenents. Provide air
conpressors, safety valve, and sight glass, to show the
air:water ratio.

8.3 Materials and Construction

8.3.1 Materi al s. For available material and their
characteristics, see Table 18.
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8.3.1.1 Sel ection. Consider the following factors affecting
mat eri al sel ection:

a) Li fe expectancy

b) Capacity and head requirenents

c) Avai l ability

d) Econom ¢ consi derati ons

e) Wat er characteristics

f) Envi ronnental conditions

8.3.2 Construction. Construction of the principal types of
storage tanks is as follows:

8.3.2.1 Aboveground Storage Tanks

a) Pi ping Arrangenent. For |arge tanks, place inlet
and outl et pipes at opposite ends or sides, to provide
circulation with the outlet pipe near the bottom O herw se,
provide baffles in the tank.

(1) Provide overflow and drain pipes discharging
to stormdrains, but provide air gap to prevent contam nation.

(2) Place valves on all pipes except overfl ow
pi pes.

(3) Install all valves so that they will stand
out of groundwater or runoff, to prevent possible contam nation,
and to be easily accessible to operating personnel.

b) Depth. The total water depth should be a m ni num

of 12 ft to avoid the growmh of organisns due to tenperature and
the reduction of capacity due to ice.
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Tabl e 18
St orage Tank Material s

Materi al s Type of Tank Maxi mum Advant ages Di sadvant ages
Capacity
(gal)
Concrete G ound storage Unlimted | Large Vol une. Low head; do not
t ank exceed 50 ft.
1, 000, 000 | Lower Mai ntenance G eater Wight.
St andpi pes cost than steel
Hi gher first cost
Unlimted t han steel
Under gr ound Adaptability to
st orage tanks architectural Less watertight
treat nment. t han steel unless
Ease in burying prestressed or
under gr ound. i ned.
St eel El evated storage | 3,000,000 |Adaptability to Hi gher mai nt enance
t anks hi gh heads. and protection
cost than
concrete.
G ound storage 10, 000, 000 | Ease of erection.
t anks Requi re protection
agai nst freezing.
Lower first cost
than concrete. H gh cost per unit
3,000,000 | Stores water under st or ed.

St andpi pes

pressure.

Li ghter in weight
t han concrete.

V. /S00T -MaaH -1 IN
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Tabl e 18
Storage Tank Materials

Mat eri al s Type of Tank Maxi mum Advant ages D sadvant ages
Capacity
(gal)

Leaks easily

repai red.
Fabric G ound storage 20, 000 Low cost. Not waterti ght

Ease of erection. Smal | vol une.

Port abl e Short life.
Conposite El evated storage | 3,000,000 |Less maintenance Mre difficult to

t anks
(concrete
col um, stee
bow )

cost than all steel
el evat ed t anks.

Mul ti-use
capabilities.

renove/ denol i sh
than all steel

V. /SOO0T -M9dH -1 IN
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c) Appurtenances. |Include the follow ng
appurt enances:
(1) CQutside tank | adder.
(2) Roof hatch with I ock
(3) Screened vent.
(4) Flanged access hol e near the ground.
(5) Water level indicator and al arm
(6) Sanpling access points.

d) Structural Design. For criteria on structural
design of reinforced concrete and prestressed concrete, refer to
NAVFAC DV 2. 04, Concrete Structures. Steel tanks shoul d neet
AWM St andard D100. Wre and Strand-Wund, G rcul ar,
Prestressed Concrete Water Tanks shoul d neet AWM Standard D110.

Circular Prestressed Concrete Water Tanks Wth Circunferentia
Tendons shoul d neet AWM St andard D115.

e) Dual Tanks. \When storage for a station or area
is provided by ground storage only, consideration should be
given to the provision of two tanks to naintain partial capacity
during repairs or cleaning of one tank.

8.3.2.2 Under ground Storage Tanks. Requirenents for the
desi gn of underground storage tanks are given bel ow

a) Pi ping Arrangenents. Follow the criteria given
for ground storage tanks.

b) Depth. Design for a mninmmdepth of 8 ft

c) | nsul ati on. Cover the waterproofed roof with a
mnimumof 2 to 3 ft of earth, planted with grass, graded, and
drai ned to prevent ponding of surface water.

d) Conmpartnents. Divide large tanks into severa

conpartments, to mnimze the | oss of storage capacity during
repair of any one section.
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e) Appurtenances. Provide the follow ng
appurt enances:

(1) Access and valve chanbers with their tops 6
in. above grade.

(2) Inside | adders or manhol e steps.
(3) A screened vent above ground.
(4) Water level indicators and al arns.
(5) Sanpling access points.
f) Structural Design. For design criteria of
concrete underground structures, refer to NAVFAC DM 7. 02,

Foundati ons and Earth Structures, and M L-HDBK-1002, Structura
series.

8.3.2.3 St andpi pes. The design of standpi pes should be based
on the criteria given bel ow.

a) Useful Storage Capacity. Locate the standpipes on
hi gh ground, to obtain maxi num usabl e storage vol unme above the
required static head.

b) Hei ght. Determ ne the necessary height fromthe
foll ow ng considerations.

(1) Capacity required.

(2) Head needed to develop the required
di stribution pressure.

(3) Limtation for aviation clearance set by
mlitary or civilian authorities.

(4) Structural stability.
(5) Watertightness for concrete standpipes. A
special nenbrane is required for those subjected to heads in

excess of 50 ft

(6) Econom c considerations.
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c) Pi ping Arrangenents. Use a single riser pipe as
both inlet and outlet.

(1) Provide an overflow and drains. Drains
shoul d not be connected directly to sewers.

(2) Place valves on all pipes except the
overfl ow

d) Appurtenances. Provide the follow ng
appurt enances:

(1) Ladders on the outside of the tank and on
t he roof.
(2) A roof hatch with | ock
(3) Screened vent, altitude valve, and overfl ow.
(4) Water level indicators and al arns.
(5) Bottom access nmanhol es.
(6) Sanpling access points.

e) Structural Design. Criteria for the design of
reinforced concrete and prestressed concrete standpi pes are
given in NAVFAC DM 2.04. For steel standpipes, use AWM
St andard D100.

8.3.2.4 El evat ed Storage Tanks. Design el evated storage tanks
in accordance with the criteria given bel ow

a) Hei ght. Use the same criteria given for
st andpi pes.

b) Pi ping Arrangenents. Use the sane criteria
gi ven for standpi pes.

c) Appurtenances. Provide the follow ng
appurt enances:

(1) Tower, outside tank, and roof |adders.

(2) A roof hatch with | ock
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(3) A screened vent, an altitude valve, and an
overfl ow
(4) A water level indicator and al arm
(5) A valve vault.
(6) Heating equipnent for freezing clinmates.
(7) Sanpling access points.

d) Structural Design. For criteria on structural
design, use AWM Standard D100 for steel elevated tanks.

e) Location. Adequate clearance should be provided
bet ween the exposed steel of elevated tank | egs and buil di ngs,
structures, or open storage of any flammable naterial s.

O herwi se, fireproofing of legs is required. Refer to NFPA
Standard No. 22, Water Tanks for Private Fire Protection, for
details.

8.3.2.5 Hydr opneumati ¢ Tanks. For design criteria, refer to
booster systemin M L-HDBK-1003 series.

8.4 Prot ecti on
8.4.1 Freezing. |In areas where frost penetration exceeds 30

in. (see Figure 1) protect storage tanks agai nst freezing.

8.4.1.1 External Insulation. Cover all exposed piping
(itncluding risers to elevated storage tanks) w th adequate
i nsul ati on.

8.4.1.2 Heati ng Equi pnent. Speci al considerations for heating
equi pnment in |ocations where freezing can occur are given bel ow

a) Aboveground and El evated Tanks and St andpi pes.
In | ocati ons where freezing can occur, heat should be provided
in accordance with the provisions of NFPA Standard No. 22. The
met hod of heating should be selected on the basis of econony of
installation and operation for the particular |ocation involved.

b) Exposed Pi ping and Val ves. Provide electric
heating el enments inside a small encl osure covering these parts.
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8.4.1.3 Al titude Valves. Provide an altitude valve that can,
in winter, be set to keep the high water l[evel at mninmmof 3
ft below the overflow, thus preventing floating ice from
damagi ng the tank roof when lifted by rising water.

8.4.2 Corrosion Protection. Refer to M L-HDBK-1004/10,
El ectri cal Engi neering Cathodic Protection and AWM D102,
Coati ng Steel water-Storage Tanks.

8.4.3 Pol lution. Protection against pollution should be
acconpl i shed as di scussed bel ow.

8.4.3.1 Roof . Cover all tanks and reservoirs with roofs to
prevent contam nation fromthe atnosphere. Lunber treated for
preservation may contain arsenic or other toxic chem cals.

8.4.3.2 Ground. To divert the surface runoff, grade and drain
around ground storage and underground storage tanks.

8.4.3.3 Vents. To keep out insects and rodents, provide
20-nmesh bronze insect screens over all vent openings. The vents
shoul d be rainproofed by using Goose necks or vent caps.

8.4.3.4 Under ground Storage Tanks. These tanks shoul d have
wat ertight joints to avoid contam nation from subsurface
sour ces.

8.4.3.5 Vaults and Val ve Chanmbers. These chanbers shoul d be
wat erti ght or self- draining.

8.4.4 Safety. Provide structural and operational safety.

8.4.4.1 Structural Safety

a) Vent. Adopt a size to relieve the air pressure
caused by the change of water level. Maximumair velocity
t hrough t he opening area shoul d not exceed 1,000 fpm Design
the screen so that, if clogged by insects or frost, it wll
ei ther swing on hinges or collapse before allow ng danage to the
t ank.

b) Overflow. Provide a m ninmumcapacity equal to
the maxi muminlet flow

121



M L- HDBK- 1005/ 7A

8.4.4.2 Operational Safety

a) Ladders. Provide | adders for standpi pes and
el evated tanks wth a safety cage and safety |ine wherever
possi bl e.

b) Railings. Provide railings for all elevated tank
bal coni es.

8.4.5 Protection Agai nst Vandalism Install a wire fence
and | ocked gate around outdoor storage tanks, to prevent
unaut hori zed i ntrusion.
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Section 9: BU LDl NGS

9.1 Bui l ding Design. Buildings in support of water supply
system shoul d be | ocated and desi gned to provi de adequate fire,
expl osi on, natural hazard, chem cal hazard and work hazard
safety. Design should provide adequate operati on and

mai nt enance space; and proper instrunmentation, |ighting, heating
and ventilation. Construction materials should be
nonconbusti bl e and consider the toxic effects of chemcals. The
confort of operating personnel nust be consi dered.
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MA1 Ductile-Iron Pipe and Fittings

MA4 Distribution Valves: Selection, Installation, Field
Testing, and Mai ntenance

MA5 Fi bergl ass Pi pe Design

AWM St andards; American Water Wrks Associ ati on, 6666 West
Qui ncy Avenue, Denver, CO 80235.

A100 | Water Wells

B501 | Sodi um Hydr oxi de (Caustic Soda) (Includes addendum
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B702 | Sodi um Fl uorosilicate (Includes addendum B702a-97)
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B703 | Fluorosilicic Acid (Includes addendum B703a-97)

Cl104 | ANSI Standard for Cenment-Mrtar Lining for Ductile-
Iron Pipe and Fittings for Wter

C110 | ANSI Standard Ductile-lron and Gray-lron Fittings, 3
in. Through 48 in., for Water and O her Liquids

Cl11 | ANSI Standard Rubber-Gasket Joints for Ductile-Ilron
Pressure Pipe and Fittings

C151 | ANSI Standard for Ductile-lron Pipe, Centrifugally
Cast, for Water

C200 | Steel Water Pipe-6 in. (150 mm and | arger

C205 | Cenent-Mortar Protective Lining and Coating for
Steel Water Pipe - 4 in. and Larger - Shop Applied

C206 | Field Welding of Steel Water Pipe

C207 | Steel Pipe Flanges for Waterworks Service - Sizes 4
In. Through 144 In. (100 mm Through 3, 600 mm
(I ncl udes erratum C207-94)

C210 | Li qui d- Epoxy Coating Systens for the Interior and
Exterior of Steel Water Pipelines

C219 | Bolted, Sleeve-Type Couplings for Plain-End Pipe

C221 | Fabricated Steel Mechanical Slip-Type Expansion
Joints

C300 | Reinforced Concrete Pressure Pipe, Steel-Cylinder
Type

C301 | Prestressed Concrete Pressure Pipe, Steel-Cylinder
Type, for Water and O her Liquids

C302 | Reinforced Concrete Pressure Pipe, Noncylinder Type

C303 | Concrete Pressure Pipe, Bar-Wapped, Steel-Cylinder
Type

C304 | Design of Prestressed Concrete Cylinder Pipe

C500 | Metal -Seated Gate Val ves for Water Supply Service

C501 | Cast lron Sluice CGates
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C502 [(Dry-Barrel Fire Hydrants (Includes addendum C502a-
95)

C504 | Rubber - Seated Butterfly Val ves

C507 | Ball Valves, 6 in. Through 48 in.

C508 | Swi ng- Check Val ves for Waterworks Service, 2 in.
Through 24 in. NPS (Includes addendum C508a- 93)

C509 | Resilient-Seated Gate Val ves for Water Supply
Service

C600 |Installation of Ductile-lron Water Mains and Their
Appurt enances

C605 | Underground installation of Polyvinyl Chloride (PVC
Pressure Pipe and Fittings for Water

C651 | Disinfecting Water Mains

C654 | Di sinfection of Wells

C700 | Cold-Water Meters - Displacenent Type, Bronze Main
Case

C800 | Underground Service Line Valves and Fittings (Al so
I ncl uded: Collected Standards for Service Line
Mat eri al s)

C900 | Pol yvinyl Chloride (PVC) Pressure Pipe and
Fabricated Fittings, 4 In. Through 12 In, for Water
Di stribution

C905 | Pol yvinyl Chloride (PVC) Water Transm ssion Pipe and
Fabricated Fitting 14 in. Through 36 in., for Wter
Transm ssi on

C906 | Pol yethylene (PE) Pressure Pipe and Fittings, 4 In.
Through 63 In., for Water Distribution

C907 | Polyvinyl Chloride (PVC) Pressure Fittings for Water
- 4in. Through 8 in.

C950 | Fi bergl ass Pressure Pipe

D100 | Wl ded Steel Tanks for Water Storage

D102 | Coating Steel Water Storage Tanks
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D110 | Wre and Strand-Wund, Crcul ar, Prestressed
Concrete Water Tanks (Includes addendum D110a- 96)

D115 | Circul ar Prestressed Concrete Water Tanks Wth
Circunferential Tendons
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GLCSSARY
APHA. Anerican Public Health Associ ati on.
AREA. Anerican Railway Engi neering Associ ati on.

AWM.  Anmerican Water Wrks Associ ation.
BHP. Brake horsepower.

BUMED. Bureau of Medicine and Surgery.
CT. Contact tine.

EPA.  Environnental Protection Agency.
FGS. Final CGoverning Standards.

NPSH. Net positive suction head.

CEBGD. Overseas environnental baseline gui dance docunents.
PE. Pol yet hyl ene.

POL. Petroleumoils and |ubricants.

PVC. Pol yvinyl chloride.

SCBA. Sel f-contai ned breathi ng appar at us.

TOC. Total organic carbon.

TTHM  Total tri hal onet hanes.

CUSTODI ANS: PREPARI NG ACTI VI TY:
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